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PREFACE. 



Thib Essay having already experienced a, very favourable re- 
ception at the hands of those practically engaged in gteam 
engineeriBg, and therefore tiest qualified to judge of lis merits, 
I have been induced to make considerable additions and im- 
provements in this edition, with a view to make it more 
worthy the patronage of the public gmerally. 

I am fiiUy aware that the unexpectedly rapid aale which 
this book has met with, cannot in justice be ascribed to any 
peculiar quality in the perfonnance itself, but rather to the 
well-known fact, that complete works Irom the hands of 
practical men, on this and some collateral subjecta, were very 
much wanted. 

This consideration has determined my intention to follow 
up the general Bul)iect in a series of theoretical and practical 
essays on the production and application of steam as con- 
nected with engineering and mechanical purposes, each work 
to be about the same size and price as the present. 

The next of the series is intended to be on the Chimnej/s 
of steam engines, and will include rules for the proper con- 
struction and arrangement of the flues and ftunaces of steam 
boilers generally, so as to insure a good draught. This pro- 
posed work is not so much intended to be a complete guide 
in all the details of construction, as it will be a practical as- 
sistant to the employer, the capitalist, or the man of science ; 
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and still less is it meaot to eDcroach on the proriDcc of the 
architect in anything regarding beauty of design or emhel- 
lishment, any more than the present can be considered as 
interfering with the bttsiness of the professed boiler-maker 
or experienced engineer. 

My principal object in this, as it will be ip future essays, 
is to collect and arrange data from the practice of the best 
engineers and builders as found in their works, free and un- 
prejudiced by any previously formed theoretical Tiews what- 
CTor, and at the same time perfectly unconnected with any 
particular shop or individual tradesman, so that a fair com- 
parison may be made ; and in order that rules maybe ob- 
tained for the guidance of the master manufacturer, as well 
as to simplify the varioas processes of calculation required 
by the working mechanic. 

In attempting the accomphshment of the above objects, it 
has been deemed expedient to confine the scope of the pre- 
sent volume as much as possible to the general practice that 
is found within a range of thirty to forty miles round Man- 
chester i but, with a few alterations in the rules and formulw, 
easily made, and which are pointed out where necessary, the 
latter will be found equally applicable in any other part of 
the kingdom. 

Although locomotive and marine boilers are only incident- 
ally treated of, they being thought of sufficient importance 
to require an essay exclusively to themselves, yet the prin- 
ciples evolved in the present work will be found to be a 
necessary groundwork towards forming plans for their fiiture 
improvement, they being comparatively recent inventions 
as compared to the ordinary land boilers, which have been 
the sabject of experiment and observation for more than a 
century; hence the necessity that the elements (at least) 
towards a settled theory of the latter should precede any 
satisfactory investigation of the former. 

For similar reasons to the above, some of the details which 
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do Dot essentially affect the construction or calculated power 
of a boiler, are omitted, or only slightly touched on. The 
various kinds of feeding apparatus for coal and for vrater; 
steam gauges and water gauges ; cleansing apparatus for the 
boiler and for the furnace, the fire-grate and the fines ; safety 
valves and safety pipes, and other accessories, afford abund- 
ant matter for two or three such volumes as the present. 

To the cotton manufacturers, and other proprietors of 
steam-engines generally, in Lancashire, my grateful acknow- 
ledgments are particularly due, for the many opportunities 
for improvement which tbey have afforded me during several 
years in obtaining constant access to, and personal inspection 
and examinaUon of, every thing concerning their engines and 
boilers. 

Of the value and variety of information so obtained, it 
needs only to be stated, that Manchester alone is supposed 
to contain at the present time at least double Uie amount of 
steam power of any other town in the world. Within the 
boroughs of Manchester and Salford there are 400 sleam 
engines of about 10,000 horse power, but working at 12 or 
14,000, and within six or eight miles round, there are at least 
about 10,000 horse power more, working up to 15 or 16,000. 
llie total consumption of coal for this purpose, within a 
semicircle of seven miles radius from Manchester Exchange, 
is about 90,000 tons per week. 

In a district where such facilities exist for obtaining con-ect 
data in so important a branch of physical sciejioe, and at a 
period when the almost illimitable powers of the steam en- 
gine are being developed for railway and marine purposes to 
an extent so perfectly unprecedented, that minds the least 
imbued with enthusiasm are forcibly impressed with the 
beUef that the age of invention and improvement is yet but 
in its infancy, it is but natural to expect that the establishing 
of a system of steam engineering upon facts, rather than 
upon theoretical principles, should be conBidered an object 
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highly worthy of attainment. If, in furnisbing materials to* 
wards such ulterior object, this attempt be coDsidered only 
as tlial "fa useful practical pioneer,my present purpose will 
lie fully accomplished. 

The additions to this edition are principally as follow : 

1. In Chapter III. (Art lid to 143,) I hare introduced a 
new theory on the comparative durability of iron and copper 
boilers, as used for locomotive and marine engines, grounded 
on recent experiments made with her Majesty's steam ships 
in the Mediterranean, by Mr. Dinnen, Assistant En^- 
neer. Royal Dock-yard, Woolwich. To this gentieman I 
am under considerable obUgations, not only for his excellent 
paper on Marine Boilers, in Weale's edition of Tredgold, 
which first induced me to remodel this Essay, but also for 
recent valoable private communications of facts and observa- 
tions, (accompanied with a series of specimens of boiler scale 
from various parts of the world,) which have been the means 
of considerably modifying some opinions which I previously 
held on this and other subjects, and which I have endea* 
voured to make in part available in this work. I therefore, 
with much pleasure, take this opportunity of recording my 
sense of his valuable assistance. 

3. In the same Chapter, (Art. 153 to 1S9,) will be found 
a new theory of some variations in the temperature of the 
boiling point, containing an explanation of the previously 
unaccounted for experiments on that subject by Dr. Bostock 
and M. Gay Lussac, and which was briefly alluded to in the 
last edition. 

S. The f&Htih chapter is almost entirely a new one. In 
addition to some theoretical views that were given in the 
fifth chapter of the last edition, it contains various tables of 
dimensions, calculated for the practical use of the engineer 
end boiler-maker in the designing of new boilers, together 
with the mathematical investigations on which they are 
based. 
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These tables form the principal feature in the additions 
of a practical character. They are portions of some that 
I calculated several years ago with considerahle labour, 
and which I purposely withheld on the first publication 
of this work, from an idea, whether well or ill founded, 
that, as the information they cootaiaed had, while con- 
fined to myself, already mainly assisted in establishing 
a considerable practice in that particular branch of my 
professional basinesB to which they relate, it was not in 
accordance with good policy to give to the public at 
once, without a fair expectation of some recompense, 
that which was of considerable value to myself indivi- 
dually. This feeling was considerably strengthened by an 
assurance from my then publisher, that only about one 
booli in ten pays its own expenses. The case, however, is 
now changed by the sale of two impressions within twelve 
months, a circumstance which surprised none more than 
myself, and of course onexpectedty made me a debtor to 
the public, an obligation which I take this means of endea- 
vouring, in part, to repay. 

4. In the same chapter I have also added an account of 
some evaporation experiments, which are respectfully offered 
to the notice of those who have been recently engaged with 
similar experiments in Cornwall. 

5. The ./i/iCA chapter is so much of the fourth of the last 
edition as related to the important subject of deposit and 
incrustation, to which is now added the latest information 
relating to the subject- 

6. The sixih chapter is on Explosions. A hope of doipg 
good in assisting in any way in preventing a continuation of 
those calamitous occurrences which have lately attracted the 
notice of the legislature, and which (I am afraid must be 
admitted) are no less disgracefiil to the engineering improve- 
ments of the present time, than they are shocking to 



by Google 



faumanit}', has induced me to considerably extend this 
chapter. 

Regarding the subject of explosions, I am convinced that 
much more remains to be done than seems yet to have been 
attempted. If the Buggestions I have deemed it expedient 
to make be considered of any utility, I shall probably pursue 
the subject in a future publication with such aids as may be 
derived irom the forthcoming Report of the Commissioners 
lately appointed by government to investigate so much of 
the subject as relates to steam vessels. There are, however, 
small hopes of much eulightenment on the general subject 
from the present Commission, owing to its labours being (as 
is understood) conBned exclusively to that branch of the 
enquiry belonging to marine boilers. It is perhaps true that 
extra-legislative interference with land boilers might possibly 
do more harm than good ; yet a co-examination of the 
prominent facts relating to explosions with factory and 
colliery boilers, unincumbered with such complicated cir- 
cumstances as must necessarily occur on shipboard, would 
certainly have been of considerable assistance in carrying on 
the enquiry upon sound principles. 

Although I have been for a series of years constantly 
engaged in nearly sll the practical operations connected with 
the genera] subject of this work, it would be in vain to deny 
that I have latterly received most materia] assistance from 
various quarters, but least of all from books. Consequendy 
if in adopting the verbal information of others any erroneous 
statements occur, I shall coniideudy trust them to the candour 
and liberality of the reader, and shall receive with gratitude 
the correction of any error that can be pointed out, and also 
make the best use of such corrections with proper acknow- 
ledgments in future editions. 

In die mathematical and physical sciences there ought 
to be no room for prejudices, they not admitting of any 
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medium between right and viTong ; tlierefore if in the follow- 
ing pages any opinions are to be found expressed in too 
positive a manner, I hope the lattei will be placed to the 
account of an excusable zeal for the dominion of truth over 
error. I have no desire to deserve the charge occasionally 
made by practical men against some authors on kindred sub- 
jects to the present, namely, that the latter seem so afraid of 
getting wrong that they very seldom get right, and thereby 
embarrass themselves and their readers by copying and 
collating one another's errors, apparently satisfied if they can 
only refer to any book auUiority for them. For my own 
part, I have always thought that more harm has generally 
been done by propagating an error than in the first commit- 
ting of it ; consequently I shall as cheerfully and positively 
denounce my own errors as those of others. 

Respecting any new schemes or suggestions of his own, it 
is always difficult for an inventor to «peak with becoming 
humility. However, if in my own case allowances must be 
made, I hope at any rate to be found impartial in analysing 
the schemes of others. But I have no wish to avoid the 
responsibility attaching to any thing I have advanced in the 
following pages, although I prefer that my views and opi- 
nions may be tested by facts and the experiments of others, 
rather than bo taken as authority firom me; and those who 
are pecuniarily interested in this matter generally have the 
means of doing so constantly at hand. 

To conclude : in claiming indulgence for probable errors in 
matter of graver import, it will not, perhaps, be thought 
too great a stretch of the critic's charity, if extended to the 
literary defects which I am conscious this work must of 
necessity contain, more especially when I state that up to a 
compfuratively late period of life I have been more accus- 
tomed to handle the hammer than the pen. And moreover I 
may express a hope, that as mere literary deficiencies cannot 
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much impair the utility of my work io the estimation of those 
for wbom it is more particularly desired, they will uot be 
allowed to operate in preveutiiig its continued kiud reception 
by the public generally. 

R. A. 
Pendleton, near Mancheater, 
June, 1639. 
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PRACTICAL ESSAY 
STEAM BOILERS, 



CHAPTER I. 



GBNEBAL KEMARKS, WITH METHODS OF MEA8UBINO THE 
HEATING SURFACE, AND PKOPOBTIONING THE AREA OF 
PIRE-QHATE. 

1. We may geoerally premise of any of the Aits, where 
mechanical construction is concerned, that while yet in their 
infancy, or in a state just emerging &om that of mere mde 
invention, and when there has not been time to observe a 
sufficient number of facts from which to deduce general 
priuciples, a great multiplicity of contrivances must be the 
natural consequence. As a remarkable illustration of this, 
witness the Steam Engine itself, which in the hands of Smea- 
ton, Watt, and others, successively assumed such a variety 
of forms, until the last-mentioned great improver left it in all 
the leading principles of its construcUon — a monument of 
perfection in mechanical science. 

With all the recent discoveries in Chemistry and the phe- 
nomena of heat, it is not surprising that the primum mobile 
of the Steam Engine, the Boiler, should become an interest- 
ing source of speculation to patentees, and schemers of all 
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2 INTRODCCTORY RBHARKS. 

kinds. Until within the last twenty years, the steam boiler 
received a very small share of attention from engineers ; the 
immense efiurts made by them in improving the engine 
itself, previous to that period, seemed to absorb all their 
inventive talent, and it is only since the commencement of 
the present century, when the manufacture of engines had 
become settled on something like scientific principles, 
that the making of steam engine boilers became a regular 
trade. 

Consequent on Mr. Watt's great improvements, the appli- 
cation of the power of steam to factories became a matter of 
course, and it is considered that rival manufacturers have 
been the means of giving an impulse to the progress of in- 
vention in all that concerns the steam engine, as well as in 
the application of steam to other purposes, which it could 
not otherwise have obtained; for when their invention had 
exhausted itself in other departments, they naturally turned 
their attention to the object of diminishing the expense of 
fuel used in generating the steam, and to the general economy 
of their engines and boilers. 

Without venturing an opinion on the assertion ofM. Pam- 
bonr, in the introduction to his excellent treatise on Railway 
Locomotive Engines, namely, that the theory of the steam 
engine itself has not yet been ex^plained *, we may with much 
truth affirm, that with respect to the steam boiler his words 
are much more applicable, however successful may have been 
the practice of individuals^ Consequently it is not surprising 
that a great variety of opinions are held on the subject. This 
difference of opinion relates not only to the shape of boiler 
best adapted to supply the greatest quantity of steam with 
the least expenditure of fuel, but also to its dimensions or 
capacity suitable for an engine of a given number of horses 



* A Practical Treatise on Locomotive Engines upon Railways. Bj 
the Cliev. F. M. G. Pambour. London, 1836. 
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rNTRODUCTORY KEMAUKS. S 

power; this laUer question we propose to consider princi- 
pally in the first three cfaapters of this essay. 

S. The only rule for adjusting the dimensions of boilers, 
if mle it be, that is generally agreed on amongst engine and 
boiler makers, is to endeavour to have them larger than 
necessary — hence it has become a common observation, 
that a ten horse engine ought to have a twelve or fifteen 
horse boiler, or a twenty horse engine ought to have a thirty 
faorse boiler, and so on. It is true that some vague notions 
have long existed amongst working engineerB, as well as 
with some writers on the subject, that there ought to be 
about five square feet of surface of water, or of the largest 
horizontal section of the boiler, for each horse power, and 
about twenly-five cubic feet of space for the same. The 
first of these data has become common amongst enginmien 
as their only acknowledged rule for roughly estimating the 
power of a boiler, although both it, and the mode of esti- 
mating by the cubic capacity, have generally been scouted 
by scientific en^neers, but with how little reason, while the 
latter could not furnish us with better methods, we shall see 
in the sequel. 

After consulting the works of Farey*, IVedgoldt, and 
others who have treated on this subject, besides discussing 
the matter with various eminent scientific persons, as well 



* A Treatise on the Steam Engine, Hiatorical, Piactica], and De. 
flcriptive. By John Faiey. London, 1827. Vol. L, quarto. 

f The Steam Engine, comprising an Account of its InventioD and 
PtogresMve Improvement, with an iovestigalion of its Principles, &c 
By Thos. Tredgold. London, 1627. Quarto. A second edition of 
tWs Work, edited by Mr, Woolhouse, with a very valuable Appendix, 
haa just been published, 183B. Of this edition, as illustratiDg the recent 
Progressive Condition of Steam Navigation, it is impossible to speak too 
highly, enriched as it ia by contributions from some of the most eminent 
practic^y scientific men of the present day, The latter portion, by far 
overbalancing any value that could be attached to the original work. 
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i EXPERIMENTAL BOILER. 

as experienced manu&cturers, we were fallj convinced of 
the necessity of obtaining and comparing a great number of 
experiments on a large scale and under a variety of cir- 
cumstances, in order, if possible, to deduce rules that might 
at least be applicable to those forms of boilers in general 



3. Amongst onr earlier experiments, which were made on 
a smaller scale, was one with a common furnace-pot, or 
boiler, of cast-iron, such as are usually set in kitchens ; it 
was capable of holding eighteen to twenty gallons ; the fire- 
grate was six inches by eight, or one-third of a square foot 
in area, and the whole of the heating surface exposed was 
about three square feet. Into this boiler was measured two 
cubic feet of water, and after having caused it to boil, it was 
then found, that by feeding the furnace with coal and the 
boiler with water, and at the same time managing the 
draught of the chimney so as to beep the wal«r boiling 
nearly at a uniform rate, the consumptjon of good coal was 
at the rate of four and a half pounds per hour, and the quan- 
tity of water boiled away in that time was exactly two gallons, 
or very nearly one-third of a cubic foot. 

4. Now as it is usual to reckon that the evaporation of 
one cubic foot of water per hour is sufficient to furnish 
steam for one horse power, we have only to multiply each 
of the foregoing results by three to obtain the following 
proportions : — 

1 cubic foot of water evaporated per hour, requires 
1 square yard, or 9 square feet, of heating surface, 
1 square foot of fire-grate, and 
13^ lbs. of good coal. 

We thus obtain what may be called a rough estimate of a 
boiler of one horse power, and with an expenditure of tuel 
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EXPERIMENTAL BOILER. 9 

i^proaching to the usual allowance of fourteen pounds of 
coal per horse, per hour. This experiment, which waa 
frequently repeated, was made with an open-topped boiler, 
which induced ns to make several other experiments with 
a variety of small boilers, more nearly assimilated to the 
eondition of an ordiuary steam boiler, attached to an engine 
at work^ the results were, in all cases, whether under a 
pressure of four or five pounds per square inch, or open to 
the pressure of the atmosphere alone, so nearly agreeing 
with the above, that excepting increasing the quantity of 
water in the boiler, which seemed to increase the quantity 
of fuel used in getting up the steam, but at the same time 
lessened the other portion of the general consumption, by 
lessening the diiSculty of regulating the tire, there was no 
ether alteration that materially affected the results as 
given above. 

5. It will be perceived, that there is a remarkable coin- 
cidence in the figures expressing the dimensions, and the 
effect produced, in the above experiment, which renders 
it extremely convenient for forming a unit measure of steam 
boiler power ; for we have only to conceive a vessel, say a 
cube for instance of three feet square, or a cubic yard in 
capacity, with its lower side of owe square yard in area, 
exposed to the action of a fire on a grate of one square 
foot in area — let this vessel be nearly half filled with water, 
and then after the steam is once got up, we have, by burning 
away 13 or 14 pounds of coaJ, one cubic foot of water con- 
verted into steam, equal to the pressure of the atmosphere, 
or a little above, and which, if well applied in a good 
Boultou and Watt engine, is well known to be fully equal 
to one horse power as usually reckoned, or, in other words, 
it will lift 1501bs. 220 feet high in a minute, which is 
at the rate of 33,000 lbs. raised one foot high in the 
■ame time. 
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6. This is the measure of a hone's power as origmany 
settled by Mr. Watt, and to n-hich both Farej, Tredgold, 
and all other engiueers of eminence hare agreed to refer as 
a standard. And it may be as well here to remark, that this 
was no fanciful standard of Mr. Watt's, but really taken by 
him as the average power exerted by a mill horse trarelling 
at the rate of 2J miles an hour (m-, 230 feet a mi^te) and 
roising a weight of 150 lbs. by a rope passing over a palley, 
as appears by Mr. Watt's letter to Dr. Brewster, published 
in the second volume of Dr. Robinson's Mechanical Philo- 
sophy, 1829. This standard horse power of Mr. Watt's 
ought not to be departed from, as it has the merit of sim- 
plicity and convenience to a great degree ; for 150 lbs. being 
exactly divisible by 6, (which is supposed to be the 
number of pounds eSective pressure per circular inch on the 
piston, most suitable for the best modem engines,) gires 
exactly twenty-Gve, which is the number of circular inches 
per horse power in Boulton and Watt's original forty horse 
engines, very nearly. Hence a cylinder of five inches 
diameter (=:25 circular inches area) with an efiective 
pressure of 6 lbs. per circular inch on the piston, if tra- 
velling at the rate of 220 feet in a minute, will give ono- 
faoree power. 

CONSUMPTION OF FUEL IN FACTOBIES. 

7. With regard to the usual allowance of 141bs. of coaT, 
or one-eighth of a hundred weight, per horse per hour, it 
ought to be home in mind that in practice (at least it is so 
in an average of the best regulated cotton mills in Lanca- 
shire) it is the whole consumption, including that used foi 
getting up the steaui, as well as to supply steam sufficient 
for wanning the mill. One-eighth of a hundred weight per 
hour is equal to ten hundred weight, or half a ton for 80 
hours, and as 80 hours is about the length of lime that the 
boilers are at work during each neek in cotton mills, wb 
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may state generally that half a ton per borse power, per 
week, is the total average consumption. 

8. Now to obtain the net consumption required by the 
engine alone, we have to deduct that uaed for heating the 
mill the amount of which depends upon a great many cir- 
cumstances ; but it is generally supposed that in the best 
constructed modem fectories, it is not less than from 10 to 
15 per cent, of the whole, and there is reason to believe, 
from estimates made of the quantity of condensed steam or 
steam water obtained from the pipes, as well as from ac- 
counts of coals kept where separate boilers are used for the 
purpose, that the average quantity of fuel required for 
steaming a cotton mill canuot be much less than 20 per cent, 
of the whole consumption ; but if we take it at 15, it will 
leave 14— (tW of U = ) 21 = ll'Slbs. per horse per hour, 
for the consumption on account of the engine alone. 

9. Again, the engine in a fectory generally runs 69 hours 
per week, consequently our reckoning allows 11 hours 
during the week for getting up the steam after stoppages ; 
or 1^ hour per day (=104 hours per week) with half an 
hour extra for Monday morning, making 11 hours, which is 
probably an average of the hundred and odd cotton mills in 
Manchester. Some persons estimate it at two hours per 
day ; and if we consider that there is at least as much coal 
laid on per hour in getting up the steam, as is used per hour 
after, we cannot reckon less than 15 per cent, of the whole 
consumption for that purpose ; but of course it depends 
almost entirely upon the quantity of water in the boiler. 
Therefore we have 1 1 '9 less by 2'1 =; 9'8, or say.nearly 10 lbs. 
per horse, per hour, as the net consumption of coal while 
the engine is at work. 

10. We have been informed of some experiments lately 
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which gave the last mentioned item of expenditure as low 
as only ten per cent., although the boiler contained rather 
more than the usual quantity of water, hut the draught was 
unusually strong, and fi-om other circnmstances the con- 
sumption of fuel was considerably above the average. It is 
difficult to come at the exact proportion ased in cotton 
factories, on account of the consumption for this purpose 
being generally mixed up with that for steaming the mill 
before mentioned, and which is generally the greatest in a 
morning at the same time when the steam is being got up 
for the engine, consequently very great discrepancies of 
opinion are met with on this subject. 

The proprietor of a fine spinning establishment once 
informed us that he had sometimes observed a mere shift- 
ing of the wind a few points of the compass, without 
any other alteration, to cause a difference in the quantity 
of coal consumed amounting to as much as a wagon load 
per day, and which could not be less than 10 per cent, 
of the whole of the coals used. On the other hand, 
some well informed managers and practical men have de- 
clared that in some cases where the mill is steamed fi'om 
the same boilers which supply the engine, and done properly, 
the extra fiiel required is so small as to be hardly of any 
account 

11. Hence it will appear that it is extremely difficult to 
procure exact data relating to the subject, although a matter 
of considerable importance in the economy of a cotton mill. 
We have had very little of a practical nature on this 
subject of any value since the publication of the essays of 
Mr. Robertson Buchanan in 1810*, so that a well conducted 

• Practical and Descriptive Essays on the Economj' of Fuel, and 
Management of Heat. B7 Robertson Buchanan, Civil Engineer. Glas- 
gow, 1810. 
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set of experiments on this head are highly desirable at the 
present time, and particularly if accompanied by a parallel 
series of meteorological obserraUoiiB. It has been thought 
by some that allowing 15 per cenL for steaming the mill 
is overrating the average consumption, but we ate convinced 
it is not, and this conviction is founded upon a great number 
of experiments; in one case, indeed, in one of the best regu- 
lated cotton mills in Manchester, where a separate boiler was 
kept solely for this purpose, and in this one would think 
there could be no mistake, the average of the year was about 
20 per cent., or one-fifth of the whole consumption. 

MHiatever may be the exact amount of each of the items 
we have been treating of, namely, for getting up the steam 
and for beating the mill, we are well assured of the com- 
bined amount of the two, and that 30 per cent, at the least 
ought to be deducted from the gross amount of the coal used 
in order to get at the net consumption while the engine is at 
work, leaving it, as we have already stated, under ten pounds 
per horse power, per hour. 

CYLINDRICAL BOILEB. 

■ 12. The next boiler in point of size to the experimental one 
before mentioned, which we have had sufficient opportunities 
to observe, is of a cylindrical shape, a kind frequently used 
to high-pressure engines, and generally considered, as it 
certainly is, very safe and strong ; its inside dimensions are 
as follow, (see Fig. 1,) five feet in diameter and nine feet in 
length with a cylindrical flue running through the lower part 
from end to end, of eighteen inches in diameter ; the fire- 
grate is placed under the boiler at one end, it is three and a 
half feet square, or twelve and a quarter square feet area; 
the flame, or smoke, after passing from the fire and under the 
whole length of the boiler bottom, rises up at the farther end, 
and returns through the inside fine to the fi^nt end of the 



by Google 



10 CYLINDRICAL BOILEB. 

boiler, vrhere it is allowed to divide into two bricli flues, ooa 
on eacli side, through which it is conducted along the sides 
of the boiler again to the back,— here the two currents unite 
and proceed in one main flue to the chimney. This method 
of dividing the current of smoke and hot Eur into two flues is 
called a " ^Ht draught ; " and when it is continued round in 
the same direction it is called a " wheel draught" — (See Art, 
20.) 

Fig. I. 



13. This boiler, according to the common horizontal mea- 
surement of five square feet of water surface per horse power, 
would be equal to nine horse power ; but some engineers, 
who are in the practice of making this kind of Jlued boilers, 
or as they are ftequently, although incorrectly, called tubular* 
boilers, usually consider the diameter of the inside tube or flue 
as 80 much added to the width of the boiler — a mode of esti- 
mating its power which gives a result not far from correct, 
in cases like this, where the boiler is short in proportion to 

* This term is more suited to the boilers of Woolf, Gurney, and others 
vheie the water is coataiDed in the tuttes, as diatioguisliiag them from 
those where the tubea are used as fiie-flues. 
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its width. In a very short boiler a g^eat portion of the flame 
must act on the inside flue as eflectually as it would have 
done on a continuation of the boiler bottom. 

14. According to this rule, the power of the boiler is 
found as follows: — 

Feet. 

Width or diameter of the boiler. =: 5 

Ditto of inside flue = 1^ 

H 
Multiply by the length 9 

Divide by 5) 58f 

Horses power = 11^ nearly. 

15. The evaporation in this boiler was ascertained to be 
very regularly 10 to 11 cubic feet of water per hour, with 
very little less than 15 pounds of coal per cubic foot. It 
was attached to a high pressure engine called 12 horse power, 
and working with a pressure in the boiler of 30 pounds per 
square inch ; but the engine was certainly, when at the best, 
not doing more than 10 horse power. 

16. We shall now compare the dimensions of this boiler 
with the unit measure derived from the experimental boiler, 
(Art. 4.) 

Circular Feet. 

Diameter squared, or 5' = 25 

Deduct area of flue (U)* = 2i 

Net area of boiler end 22$ 

This multiplied by -7854 = 17-86 square feet, 

Again multiplied by the length 9. . . = 16074 cubic feet, 
Which divided by 27... = 5"05 cubic yards 
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for tlie total capacity of the boiler; or, according to our 
assumed data, only sufficient for about 6 horse. If equally 
divided between steam and water, then, according to the 
work on the engine, there ia I60'74-^2 = 80'37 cnbic feet, 
and ^10 = 8 cable feet of water per horse. But, as ia the 
case of the experimental boiler, it was found that a greater 
proportion of water was more economical, as tending to 
balance any want of uniformity in the feeding of the fire, 
or in the action of the force pump which supplied the boiler 
with water, and on that account the quantity of water really 
worked with was about four cubic yards, or nearly eleven 
cubic feet per horse power. 

17. The steam-room was thus of course diminished to 
about one-third of the capacity of the boiler ; a space much 
too small for the proper working of even a 6 horse engine, 
as will he shewn hereafler; but this evil was in some mea- 
sure remedied by a method of working which partially pre- 
vented the casual boiling over, or " priming aver" of the 
water into the cylinder, although accompanied with a con- 
uderable deduction from the power of the engine, that is, 
by a process which is technically called " tcire-dramng the 
steam," or, in other words, working the steam a great deal 
higher in the boiler than in the cylinder. This wire-drawing 
process has been much lauded by the advocates of high 
pressure engines, and steam carriage projectors, as an im- 
portant discovery; it is however only an expedient to enable 
an engine to be worked with a little boiler, although at the 
expense of an increased consumption of fuel, and adding 
greatly to the danger of the boiler bursting. 

18. The most important consideration that concerns the 
evaporating power of the boiler, is the quantity of lieating 
surface, or surface exposed to the hot air. The usual me- 
thod of estimating the whole of the surface exposed to the 
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hot air, as heating surface, has been a fhiitibl source of 
mistakes and misapprehensions among steam engineers, be- 
cause, as heat is with difficult; made to pass downwards to 
any useful purpose, it is plain that such portions of the 
surface ooly as are exposed to the upuiard action of the 
flame and hot air ought to be considered as effective heating 
surface to its full extent. With regard to the upright or 
vertical portions of a boiier there may be a question, but it 
seems to be agreed to by every one who has attended to this 
subject, that at any rate the ordinary vertical or side surface 
is not more than one-half so efiecljve as the under surface, 
and we have assumed this to be the ratio in the following 
calculation, which is inserted merely as an example of a 
method of computing the effective heating surface, which 
will he found to be sufficiently correct for practice when 
applied to the ordinary forms of boilers in general use in 
factories. 

Square Feet. 

The area of the boiler bottom is 9 X 3^ = 31-5 

The two sides together=lix 9x2. = 270 

The front end about 6'S, take one-half = 3*1 

The inside flue = 1*5 x 3-1416 x 9= 42-4 ; of s 
this only the upper half can be considered /21'2 
as actual or effective heating surface ^ 

82-8 

This sum -7- by 9 gives 9'2 square yards as the total effective 
heating surface of the boiler, which is less than one square 
yard for each horse power; but the area of the fire-grate 
is 12-J square feet, which is more than one square foot per 
horse power: therefore, if we take the mean* of the two, 
or about 10|^ for the horse power of the boiler, it gives us 

* It will be shewn hereafter that the geometrical mean ought to be 
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about the same proportioDs as the data assumed in the ex- 
perimental boiler, while the greater quantity of coal used 
may be accounted for by the much higher temperature to 
which the furnace requires to be kept, compared to that of a 
low pressure boiler, 

WAGON-SHAPED BOILER. 

19. Tn order to examine accurately the proportions that 
are generally adopted in practice, in connection with the 
common low pressure or condensing engine, it will be best 
to take an instance of a plain wagon-shaped boiler, without 
any inside flue, (see Fig. 2,) say twenty feet long, five wide, 
and six feet eight inches deep. This description of boiler 
is in very general use in this district, and with these dimen- 
sions it is called a twenty horse boiler, being well known to 
be fully equal to supplying steam for a twenty horse engine 
with the usual allowance of fuel. They are also frequently 
made from sixteen to twenty-fout feet long, with the same 
depth and width, being considered as many horses power as 
feet in length. 
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BO. In the furnace of the twenty horse boiler, the fire-grate 
is five feet long and four feet wide, or twenty square feet in 
area. The boiler is usually set np with what is called a 
teheel draught, that is, the current of flame, smoke, or other 
gaseous products of combastion, after passing under the 
boiler bottom, is made to rise up at the back end, and re- 
turning along one side by a brick flue to the front, crosses 
the front end, and repasses along the other side to the back, 
where it goes into the main flue which conducts it to the 
chimney. 

The upper part of this boiler is a semi-cylinder and 
contains — 

5'x90 

= 250 cylindrical feet. 

Or, 250 X -7854 = 196-35 cubic feet. 

The lower part, if made with straight sides and flat bottom, 
would be equal lo 41666x5x20 = 416-66 cubic feet; but 
the capacity of the lower part of the boiler is however re- 
duced by about one-sixth, owing to the sides being made 
concave outwards, four or five incbes on each side, for the 
purpose of strength, as well as for exposing the side surface 
in a better position for the action of the hot air, the bottom 
of the boiler being also arched upwards nine or ten inches 
with a similar view. 

416-66 

Therefore, 416-66 = 34722 cubic feet 

6 

And to this add the upper part ^ 196*35 

543-57 
Or 543'57-r- 27 = 20-13 cubic yards, which is the real ca- 
pacity of the boiler. One half of this space is allowed for 
water, and the other for steam, consequently, if we make 
some deductions for the space occupied by the stay bars, Sec, 
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which this shape of boiler necessarily requires for the flake 
of strength, nearly half a cubic yard is left for water room, 
and a little more for steam, for each horse power. 

21. The depth of water is found as follows: — ^Take half 
the difference of capacity between the lower and opper part, 
and divide it by the area of the water surface, then deduct 
the quotient from the depth of the lower part of the boiler, 
and the remainder is the depth of water, taken perpen- 
dicnlarly over the seating plate at the bottom of the boiler. 
In this case — 

Capacity of the lower part 347'22 cubic feet. 

Ditto upperpart 196-35 

2) 150-87 

Area of water surface (= 5 x 20)= 1,00) ,75*43 = half difif. 

■7543 = quotient. 
Subtract from depth of lower part 4*1666 

Remainder in feet .... = 3.4133 
12 

And inches =40*9476 

Hence, three feet five inchra nearly is the depth of the water 
required. 

22. The brick-work of the side flues is gathered in, two 
or three inches below the surface of the water ; hence, the 
depth of the side surface is about 3-S5 feet, or measuring by 
the curved surface about 3*5 feet, and the total area =3*5 
X 40 = 140 square feet. The total area of the two ends 

below the tops of the flues is about 28 square feet — less by 
the area of surface covered by the brick arch over the fur- 
nace mouth (about 3 square feet) and by the brick-work at 
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the back end, which divides the " uptake," (rom the side flue, 
(about two square feet,} leaving about 23 square feet, which 
added to the side surface, gives 140 + 23=163 square feet 
for the total area of vertical surface ; but, as we have already 
seen, only one-half of this can be considered as effective 
heaUng surface — it is only equal to 81'5 square feet, or 905 
square yards. The area of the bottom, measaring by the 
curved surface, amounts to about 94 square feet, or 10*4 
square yards, which is all effective ; hence the total effective 
heating surface of the boiler is 1 9'45, or say nearly 20 square 
yards. 

23. The kind of boiler just described has been in such 
general use for so many years, and in consequence has be- 
come so well known, that it will be useful to refer to it as a 
standard. Until within the last eight or ten years, the 
wagon boiler may be said to have been almost universaJ 
in the cotton district around Manchester ; and it is believed 
that four-fifths of all the boilers at work in this neighbour- 
hood at the present time are of this kind; consequently, it 
may be worth while to go more particularly into the details 
of the subject in this place, with a view to shew the im- 
portance of obtaining a good proportion between the various 
dimensions of the boiler, and the horse power of the engine 
it is intended to be applied to, by pointing out the particular 
evil effects that generally arise where the above proportions 
are materially departed from. 

It must be observed, that the dimensions just given of a 
twenty horse boiler are occasionally varied in respect of 
depth, say from 6 to 7^ feet, without mailing any great 
difference in the evaporaUng power, or the consumption of 
file], so long as the extent of bottom surface and quantity of 
water remains the same. This boiler is also sometimes made 
with flat sides, instead of being concave outwards; but this 
alteration has always a deteriomting effect, which appears 
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to arise froiu the hot air in the side flues not acting so effec- 
tually in a lateral direction, as when it is allowed to impinge 
upwards, although the Biirface against which it acts may 
he ever so little inclined from the perpendicular. Besides, 
the flat sides (unless the water is proportionally diminished 
in depth) cause a waste of fuel in getting up the steam, on 
account of the greater quantity of water required to be 
heated. The late Mr. Matthew Murray, of Leeds, was - 
accustomed to make his wagon boilers nearly flat, or " wall" 
«ded, and gave as a reason, that be merely considered the 
side flues useful as a casing to prevent the dissipation of 
heat by conduction ; but he took the precaation to have a 
much larger proportion of bottom surface. 

CSCit. MISMANAGEMENT OF BOILKRS. 

34. The circumstances which chiefly alter the effective 
power of a boiler are such as relate to the setting of it up, or 
the construction of the brick-work : for instance, the seating 
walls on which the boiler rests are sometimes 9 inches 
thick, which reduces the area of the bottom surfiice from 10 
or 11 square yards. to less than 9; at the same time the 
fire-grate is reduced perhaps 6 inches on each side, or 
about 4 square feet, leaving only about three quarters of 
a square foot per horse power, which is supposed to be the 
proportion of fire-grate allowed by Boulton and Watt. It is 
true, that a boiler so constructed and set up, will make suffi- 
cient steam to work a good 20 horse engine with mode- 
rate economy, but it is always found that if the engine 
should happen to be temporarily out of order, or overloaded 
for a short time, so as to require one half as much more 
steam ; such a boiler then requires what is technically called 
hard firing, and very soon becomes burnt away in that part 
of the bottom which is immediately over the back port of Ihs 
fire-grate. Indeed this effect usimlly results when a boiler 
is too little for its work, and is in reality what may be always 
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expected when we eodeavour to get Bteam vitb a small fire 
actiDg with great intensity, rather than a la^e one at a lower 
temperature. 

3fi. For the purpose of arriving at a clear elucidation of 
the causes concerned in the production of this effect, we 
shall not digress much if we describe the general routine of 
management that usually follows. It most frequently hap- 
pens, when a boiler bottom is burnt out as above stated, that 
the proprietor, instead of causing an investigation into the 
circumstances, immediately sends for the boiler- maker, of 
rather hoileT-Tnender ; the rent is patched up, and the brick- 
layer replaces his bricks and mortar precisely as before, when, 
as the same causes continue, of course a similar rupture takes 
place before another month is over. Again, the same tinker- 
ing process is resorted to, and after a few rounds of this 
kind, when the expense of repairs has pretty nearly amounted 
to as much as might have purchased a new boiler, to say no- 
thing of the trouble and confusion necessarily attending 
such jobs in a regular factory, the wearied proprietor at last 
sends for another boiler-maker, when (after something being 
said about bad iron, &c.) the boiler is condemned, and a new 
one ordered to be substituted for it. 

To make sure of the new boiler being large enough this 
time, a thirty, and not unfrequently a forty horse boiler is 
fixed upon to replace one of twenty horse power. When 
the new boiler is to be set up, it generally happens that the 
same want of knowledge is evinced by both boiler-maker and 
bricklayer, as in the case of the first, hut there is a sufficient 
supply of steam for the work, and, consequently, all parties 
are satisfied. Although the expenditure of fuel may be much 
larger than it ought to be, that is seldom found out imme- 
diately, or if so, it is perhaps laid to the account of the new- 
ness of the brick-work, and in the mean time, many other 
changes may have occurred to take the blame bora the nn- 

c3 
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necessarily large boiler : for instance, the fireman maj' bave 
been changed — the coal may have been obtained from a dif- 
ferent quarter — some alteration may have agun occurred to 
the eugiue — the oil may be different— the weather may be 
colder, or it may be wetter, and the atmospheric pressure lovr, 
and, coDsequently, the draught of the chimney will be worse 
than usnal, — ^nay, the weather may be too warm where there 
is a scarcity of condensing water, and, consequently, the va- 
cuum of the engine will be impaired; and in short, where 
there are so many circumstances to be taken into account, it 
very rarely happens that the parlies immediately interested 
are able to draw the proper conclusion. 

It may be, and indeed it is. very frequently said, that the 
importance of the thing is not great, provided that a boiler is 
rather over than under its work, even if the consumption of 
fuel should be increased by five or ten per cent., and which 
is certainly not much in a small concern, when set against the 
convenience of having it in your power at any time of add- 
ing six or eight horse power to your engine by putting in a 
larger cylinder. But if we consider the setUng out of new 
establishments upon the immense scale of many now at work 
in this district, in which the expense of coal amounts to three 
or four thousand pounds per annum, a saving of even only 
five per cent, is not a trifle to be overlooked, to say nothing 
of the absurdity of the laying out of large capitals upon 
mere guesswork principles, or at least, in such a manner 
as to make extensive alterations in the boilers and engines a 
maiter of almost certain expectation before the concern is 
fairly at work. 

26. When the capitalist is about to erect a factory, unless 
be be a man of sutRciently comprehensive mind, and able 
readily lo apply a general practical knowledge of the various 
trades of builder, engine-maker, boiler-maker, millwright and 
machine-maker,, as well as that of cotton-spinner, or what- 
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erer bosiueBs the factory is designed for, it will be in vain for 
him to expect any thing like a scientific execution of his 
plans, although his general design may be ever so judiciously 
arranged. Two of the above trades are frequently combined 
in the same party, more especially that of engine and boiler- 
maker, but it is far from being general, except in those 
establishments that are very extensive ; and in Ltuicashire, 
on account of the great increase of the latter business, and 
partly owing to the increased consumption of boilers used 
in steam navigation, it is now considered nearly as a separate 
trade. It is this circumstance, as much perhaps as any other, 
which has rendered the present investigation of the subject 
necessary. There is one custom, however, which has a great 
tendency to prevent improvement in this branch of business, 
and that is, the prevalent one of contracting for the making 
of boilers by weight, which is a direct inducement for un- 
principled makers to underwork each other, until there is not 
enough profit left to repay even so little skill as is required 
to make the most ordinaiy rough draught on paper of the 
article wanted. 

27. When a manufacturer wishes to give an order for a 
new boiler, he of coarse first ascertains the price of iron per 
hundred weight, and also the rate of wages per hundred 
weight for making, and he has then nothing else to do hot 
find out some master boiler-maker who will admit of being 
squeezed down to the minimum of profit, and he may then 
expect the natural consequences of competition, namely, a 
much larger boUer than is necessary, besides being a great 
deal heavier than it ought to be even for Uiat large size ; to- 
gether with other faults that are more serious, but which 
arise principally from the diffictUty of riveting (by mere ma- 
nual labour) very thick plates of iron so as to be perfectly 
water-tight, without the nse of various means to prevent 
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leakage, such as a cement composed of red lead and iron 
borings, or a coating of paint, or coal tar. 

29. There is also a very common practice, which it would 
be inexcusable to pass over without notice when treating on 
this subject, and that is, the making use of a wash for the 
purpose of rusting the iron in the imperfectly filled rivet- 
boles and unclosed joints of the plates ; by this means a 
coating of oaride can be giren to the inside of a new boiler 
in a few days, sufficient to prevent the leakages ontil it has 
been a short time at work, when a little dirt or incrustation 
comes to assist the rust in forming a more permanent cover- 
ing. This, when once formed, becomes a regular lining or 
shield of non-conducting substance between the heating sur- 
face of the boiler and the water which is to be heated. Thus 
it is that the unsuspecting manufacturer comes to be fiiraisbed 
with what he considers at the time a cheap boiler. 

EFFECTS OF ENLARGING THE FDSNA.CE. 

29. Betnmmg to the subject of the unnecessarily thick 
seating walls, (Art. 24,) a great portion of the brick work is 
sometimes removed, and the boiler sustained by four, six or 
eight cast iron blocks or short columns, and with merely a 
brick in breadth wall to divide the flame bed and furnace 
from the side dues. This plan is a good one, so long as the 
brick-work remains tight, for the alteration is always followed 
by a great increase in the evaporating power of the boiler, as 
well as a proportional saving in Aiel. 

80. In effecting this alteration, care however must be taken 
tliatthe enlai^ement of the fiimace does not injure thedraught 
otherwise a contrary effect to that expected may be produced • 
more particularly if the chimney is small so that there is not 
a surplus draught at command. In such cases it is generally 
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uecessKiy to dimmish by a small amount the space between 
each grate bar, in order that the total area of the spaces be- 
tween the bars may not be increased in so great a proportion 
as the area of the grate itself. 

31. With regard to the two last-mentioned effects, namely, 
an increased evaporating power, and a diminished expendi- 
ture of fuel, it must be observed that they ought not to be 
confoimded together, for although they are generally accom- 
panying results of enlarging the furnace, they are traceable 
to very different causes. The increased evaporating power 
of the boiler is always found to be in the same ratio as the 
increased area of the fire-grate ; while the saving in fuel 
seems to bear a certain proportion to the increase in the heat- 
ing surface immediately over or very near the fire, the fire- 
grate itself remaining the same, or in some cases even di- 
minished. This 19 an important distinction, as will be far- 
ther exemplified when we come to treat of locomotive boilers 
or boilers with fire-boxes. 

32. There is another fact connected with this part of the 
subject, which must have struck any one who has been at 
any considerable pains in making observations, and that is, 
that the beating surface near the fire is so much more eSective 
than those parts of the boiler which are beyond the occa- 
sional reach of the fiame, as hardly to admit of any com- 
parison ; certain it is, that two or three square feet of addi- 
tional siurface over the hottest part of the fire, makes a con- 
siderable improvement in the poWer as well as in the eco- 
nomy of a boiler, while as many square yards of surface added 
to the contraiy end, or that next to the chimney, has scarcely 
any effect at all, provided that the proportions of the boiler 
in other respects remain the same. It has been found that 
when boilers of twenty feet long have been lengthened by 
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ten feet, the alteration baa made hardlj any difference in tbe 
evaporating power, while the area of the fire-grate remained the 
same, and tlie saving of fuel, if any, las only been trifling. 
Agfun, we have seen a boiler cut down from one hundred feet 
in length to fifty without any sensible diminution in its eva- 
porating power, in proportion to the area of its fire-grate. In 
both these cases, both before and after the alterations, the 
temperature of the air and smoke escaping into the flues of 
the chimney was so considerable as to enable it to boil water 
in an open vessel very rapidly. 

Since the publication of the last edition of this work, par- 
ties who are strangers to the great extension of steam power 
in Lancashire dining the last twenty years, have ven- 
tured to doubt the existence of steam boilers of such a large 
size as that mentioned in the above paragraph, which makes 
it now necessary to add, that tbe instance stated occurred at 
the extensive paper works of Messrs. Cromptons, at Ringley, 
five or six years ago ; and also that boilers of nearly equal 
power, and of fifty to sixty feet long, are not uncommon at 
several of the extensive printing, bleaching or paper works in 
this county. The boiler in question was a plain cyliuder, 
with hemispherical ends, 104 feet long and 5 feet 3 inches in 
diameter, and estimated to be about 100 horse power; it 
contained no inside fiue, and bad only one furnace, which 
-was placed underneath the bottom near to one end, contain- 
ing 100 square feet of fire-grate, being 20 feet long and 5 
feet wide, and fired sidewise. The impossibility of stoking 
so large a fire properly was alone the cause of the boiler 
being altered. 

There are also a few instances of very large boilers at &€• 
tones. One boiler, in particular, has been at work for several 
months past at a cotton mill in Manchester, which may be 
mentioned as being probably the largest steam engine boiler 
in the world ; it is a cylinder of 90 feet long and 8 feet in 
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diameter, with a cylindrical 0ue through its whole length, 
and if it could be properly iired, may be estimated at about 
200 horse power. 

33. From what has been stated it will be easily perceived 
that in many cases where a boiler does not produce a suffi- 
ciency of steam, we have only to cut away the side walls of 
the furnace, and thus by increasing the width of the fire- 
grate, considerably augment the power of the boiler. Even 
where there is a manifest insufficiency of healing surface, the 
simple and inexpensive plan of enlarging the fiimace may be 
carried to the extent of increasing the evaporating power of 
a boiler to nearly double that which its quantity of heating 
surface would otherwise warrant, and without any very 
materia] increase in the ratio of the fuel consumed to the 
water evaporated. 

34. There can be no doubt that the best proportional area 
of effective heating surface, to that of fire-grate, is at any 
rate not more than nine to one, or a sqaare yard of surface to 
a square foot of fire, as we have already assumed ; bat it is 
not meant to be denied that a ratio of ten to one, or even 
tteehe to one, which is generally supposed to be the correct 
proportion, is still more economical in theory, bat it is so in 
theory only and not in practice. Indeed, if we follow theory, 
it may be doubted whether a ratio of a hundred to one, may 
not be nearer the correct proportion ; for it is evident that the 
hot air or smoke ought not to pass into the chimney, anul it 
is entirely deprived of its power of generating any more 
steam, or in the language of the chemists, " until it has im- 
parted the whole of its superabundant caloric to the water," 
excepting so much as is sufficient to cause a good draught, 
and which is generally found to be at about 4 or 500 de- 
grees of Fahrenheit, varying according to the construction 
of the chimney. 
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It is evident that there will be a different ratio of heating 
surface suited to the different qualities of fuel, but we are 
speaking of the best engine coal used in this district. For 
the Welsh coal and some others, the heating surfitce will bear 
a still smaller ratio ; and for coke the least of all. 

35. A very eminent lecturer* not long ^o, in Manchester, 
even went so far as to advise that the heated air and smoke 
ought to be kept iu contact with the boiler until reduced to 
912 degrees, or to such a temperature as corresponded with 
steam of the required pressure, and which for a low pressture 
engine would seldom be much above 220°, this recommend- 
ation appears good as a point of theoretical perfection to be 
aimed at, if it could be done, but it is not practicable. The 
result of our experience is, that with the ordinary forms 
of boilers in use, and with the average of engine coal used in 
this district, there is nothing to be obtained by extending the 
boiler bottom to a greater length beyond the fontace, than 
the farthest point to which the dame will occasionally reach 
when the fire is managed in the ordinary way ; and in gene- 
ral, nine square feet of effective beating surface for each 
horse power, is sufficient to enable us to make such an 
arrangement of the forms of all the simpler sort of boilers, as 
will reach far beyond that point Now when we say that 
nothing is to be obl^ned by an extension of the length of 
the boiler beyond the limit stated, it is meant that the saving 
would be less than the simple interest of S per cent, per 
annum on the cost of the extra quantity of boiler plate re- 
quired for the additional surface which such extension would 



* The Rev. D. Lardnet, LL.D., F.R.S., &c., to whose work on heat, 
and also that on the steam engine, eveiy eogiDeer, in coamoD with the 
public generally, must feel greatly indebted. They are useful collections 
of interesting and important mattera on their respective subjects, which 
are do where else to be found in so small a compass. 
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render necesBar; ; to say noUiiDg of the additional expense 
of brick-woik required by the larger size of the boiler. The 
saviog of fuel is admitted, but it will cost more than it is 
worth ; and herein engineers may see an example of one of 
the many cases in which theory not founded upon experi- 
ment is at variance with practice : the scientific theorist will 
not admit the truth of any thing which there is not a reason 
for, while the practical man will not adopt any plan which 
has not been proved to answer, whether there is a reason for 
it or not. Hence it is that they continually disagree, dog- 
matic theory says he has made it so and so by calculation, 
while practice says he has found it different by experience. 
They are both in the wrong, although it must be ac- 
knowledged that after all the only just criterion in such 
cases must be oKperimeut and observation. 

ON BURNING 8M0SE. 

86. In nothing has the philosophical manufacturer or 
amateur mechanic been so much at variance with facts and 
the experience of practical men as on the subject of smoke 
burning. Tt is perfectly true that the black carbonaceous 
matter which usually escapes along with the incombustible 
gases, and which is the only visible constituent of what we 
term smoke, is all so much fuel, and when properly con- 
sumed under the boiler is undoubtedly a saving of coal ; but 
it unfortunately happens that the saving is such an inap- 
preciably small quantity, that none who have tried it have 
been able to calculate its amount, except in certain cases 
when it has taken the so much dreaded negative form. 
It is far from my intention to speak disrespectfiilly of 
any of those who have proposed to save fuel by burn- 
ing smoke, for Ihey have generally deceived themselrea 
before they led other? astray, as the hundreds of patents, as 
well as the hundreds of thousands of pounds that have been 
expended over them amply testify ; indeed they deserve no- 
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small share o( oar gratitude from the opportuniUes the sub- 
ject has given of ascertaining hy experiment a great oumbei 
of practical results which we can now make available in 
other more important improvements. 

This subject is introduced here becaose it is closely allied 
to the one we have just been considering, namely, that of 
enlarging the furnaces of boilers ; and I speak with the more 
confidence in this particular, from having had a good deal of 
practice in directing the application of several of the various me- 
thods of smoke-huming which have been tried in this country, 
since the legislature made it in some measure compulsory. 
Several boilers are now working in this district which hare 
onde^one various improvements under my directions, and 
with which I had undertaken to save Juel, and at the same 
time bum the smoke, and which were in almost every 
case successful; hut mind, the fuel was not saved by burning 
the smoke, but by the adoption of various alterations and 
airaugements which the previous defective proportions or 
bad management of the particular boilers admitted. 

37. Very few instances occurred where the attempt might 
be called a signal or total failure; and a failure in smoke 
burning is usually signal enough. There is a very common 
answer which enginemen are iu the habit of giving to their 
employers when questioned as to why they allow so much 
smoke to fly away without burning it ; it runs thus, — 
" Master, if you will only tell me how to catch it and 
bring it here, I'll he bound to hum it." Now in the year 
1829, a gentleman in a neighbouring town * put the idea 
contained in this joke to the test of experiment, and it arose 
from the circumstance of his having two steam en^aes, one 
situated at the foot of a hill and the other near the top, so 
that the smoke from the lower engine was carried through 

* Joseph Jones, Esq., Walehaw Hills, Oldham. 
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a tnonel or flue up the side of the hill, which in some 
measure answered the purpose of a chimney, and escaped 
by a shaft or stack near the higher engine. Consequently 
the situation admitted of great facility in arranging a plan 
for setting the question at rest, as to whether any saving 
was to be made out of bumiug the smoke or not; and as 
it was intended to be a sort of experimentum cruets, I 
willingly engaged to superintend the putting it into prac- 
tice. Accordingly we had alterations made in the furnaces 
of the upper engine, in order to admit of the whole or any 
portion of the smoke from the lower one, without any ob- 
strucUon to the draught of either. Proper valves and dam- 
pers were fixed for the purpose of admitting and regulating 
any required portion of atmospheric air, in order to supply 
the necessary quantity of oxygen to the new combustible. 
And in fact from 30/. to 40^. was expended in apparatus, so 
that nothing should be omitted which had any chance of 
securing the success of the experiment ; but it was all of 
no avail, and the result was as already stated. The smoke 
to be sure might be said to be burnt, for it passed through a 
rery hot furnace, but it certainly was not consumed as usually 
understood, for it always appeared to me to be much blacker 
at the chimney top after having passed through the fiiraace, 
than it did when it was allowed to pass off without going 
near the fire at all. And as to the saving of fuel by the pro- 
cess it may safely be pronounced nil, for unfortunately we 
were never able to raise sufficient steam with it to keep the 
engine going for a quarter of an hour together. 

38. The circumstances attending the above experiment 
are stated, because we believe it to be the first of a series 
of attempts to consume smoke by combustion, according to 
a principle lately revived by numerous patentees and ex- 
perimenters in this neighbourhood, although originally sug- 
gested and patented by the late Mr. Watt, in 1786. The 
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great secret of smoke burning, however, is now pretty weH 
known to practical smolie burners, and that is, eitber to 
make very little (or none) to bum, or otherwise so to dis- 
pose of the fuel in the furnace, that smoke of such a quality 
only is made, as will bum comparatively easily; and in either 
process the saving in fuel is a point yet unsettled. 

In the first case, by keeping a thin fire, and throwing on 
the coal by a very small quantity at a time, which is most 
advantageously done by the firing machine, and with a Iree 
access of air through the grate, we are assured that no cmn- 
hustihle gases escape Irom the fiimace ; consequently the 
very small quantity of solid carbon held in suspension (prin- 
cipally by the extricated azote and other incombustible 
gases) is the only portion of the smoke capable of com- 
bustion, and to effect which, a most intense heat with a 
rapid supply of oxygen is necessary, and in a much greater 
degree than the ordinary economy of a steam boiler re- 
quires. 

In the other case mentioned, in order to produce smoke 
that will bum more easily, it is requisite that a large quan- 
tity of coal be laid on at a time, and also to have a slow 
draught, so that nearly the whole of the carbon evolved is 
combined in the production of carburetted hydrogen gas- 
In fact, the furnace with a thick fire, may be likened to a 
gas retort, and the carburetted hydrogen thus distilled forms 
an explosive compound when mixed with a firesh supply of 
atmospheric air at the bridge of the fumace. This last is on 
the principle of Mr. Farkes, whose system of smoke burning 
came so much into favour some years ago, but which is 
now nearly extinct, although it is yet a point much de- 
bated, whether a thick fire with a slow draught, or a thin 
fire with a quick one, and its necessary accompaniments a 
firing machine and a good chimney, is the most economical. 

39. The very general adoption by the I>ancasbire mit< 
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nn&cturers, of Staaley's firing machines, and Walmsley's 
moving fire-bars, would seem to be decisive of their general 
economy in preference to any system of firing and stoking 
by hand; but there are other causes for this preference, quite 
independent of the question of economy of fuel, some of 
which have had great influence in the general disuse of 
Mr. Parkes's system of firing ; one of which is, that in the 
latter system the boilers are required to be considerably 
larger for the same power, a fatal objection here, but which 
is more or less applicable to every system of smoke con- 
suming that we are acquainted with. The force of this 
objection will he felt at once by those who are acquainted 
with the practice of the great majority of the Lancashire 
cotton spinners, which is that of using their steam engines 
as some people do post-horses, by making them do as much 
work as ever they can, short of breaking down. The same 
remark is also in some degree applicable to the Liverpool 
steam vessels ; they are made to go at their utmost speed, 
in order that as much work may be got out of them as 
possible, and in as short a time ; although, owing to their 
being generally the property of Joint Stock Companies, they 
have, as in the case of most monoxtolies, not as yet been 
sufficiently subjected to the stimulus of competition and in- 
dividual enterprise. 

40. The general facts above mentioned are so well kuows 
to every experienced fireman and operative engineer, that 
the saying has almost passed into a proverb with them, 
absurd as the connection may appear, that " it requires 
plenty of boiler room to bum smoke;" and we know that 
many of them consider it as easy to drive a 30 horse 
engine with a 20 horse boiler, if fired upon Stanley's 
plan ; as it is to drive a SO horse engine with a 30 horse 
boiler, upon the principle of Farkes. The observa- 
tions of this class of men are fireqaently more worthy of 
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regard than inventors of new plans are generally disposed 
to pay to thetD. More especially if we consider that 
this " instinct of ignorance," as it has been called, en- 
ables them to manage all the various complicated arrange- 
tnenls of the fires, engines, and boilers of that wonder of the 
present age, the " Ocean Steamer,'" in a manner that we are 
afraid will not be much improved upon, for a few years to 
come, by all the engineering classes of our new universities. 
At any rate, if a little more attention is paid in future to this 
" instinct," or tact, by some of the marine managers and 
other supernumeraries of more than one or two of our ex- 
tensive Steam Navigation Companies, we may be spared 
the morti&catioD of hearing of such unfortunate attempts in 
amoke burning, as that which is said to have caused the 
untoward return of the " Liverpool" Steamer to Cork, when 
on ber first voyage out to America. 

41. Soon after the unsuccessful experiment of Mr. Jones, 
already detailed, (Art. 37,) Mr. Horrocks, of Stockport, the 
well known improver of the power loom, &c., made an 
ingenious attempt to bring Mr. Walt's principle to bear, 
and although only partially successfiil, it forms one great 
step towards its ultimate accomplishment Instead of taking 
the smoke of one fire over the top of another, he caused it 
to return over the same fire from which it was evolved. 
Tills he contrived by means of a most ingenious adapt- 
ation of the Centrifugal Fan, or rotatory blowing apparatus. 
It was worked by the engine at the rate of about 1,500 re- 
volutions per minute, and so arranged that the smoke was 
drawn from the flue at the further eud of the boiler, to the 
front, whence it was propelled down npon the hottest part 
of the fire, where its combustion was efiected, although im- 
perfectly. 

About the same time that Mr. Horrocks was carrying on 
these experiments, fans were used by Messrs. Braitbwaite 
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and Ericson, and others, both for locomotive en^es and 
steam boats. Fans have been also applied by many, both 
before and since that period, for the purpose of obtaining 
an ai'tificial blast or draught for the furnaces of steam en- 
^nes, according as the propelling or the exhausting powers 
of the fan were employed, but we believe none of them ever 
employed it for the purpose of returning the smo&e into the 
furnace again. To Mr. Horrocks, perhaps, is also due the 
merit of first employing both the exhausting and propelling 
action of the rotatory fan at the same time and in the 
same process, this double action being carried on in a fur- 
nace almost entirely inclosed from the external air. 

42. The next attempt to follow up this principle of 
burning smoke, has been very recently made by Mr. David 
Cheetham, Jun., of Stayley Bridge ; but as at the time of 
writing this, the specification of his patent has not yet been 
published, a brief notice of it will suffice here. 

As in the Stockport experiment^ Mr. Cheetham also em- 
ploys a fan, and nearly in the same manner; but instead of 
passing the smoke over the top of the fire as was done by 
Mr. Horrocks, and also by Mr. Jones, of Oldham, as before 
stated, (Art. 37,) he sends it into the asb-pit, (which is 
inclosed,) whence it is by the joint propelling and exhausting 
action of the fan forced to pass through the fire-grate itself; 
by which means the flame and hot air in the furnace is pro- 
pelled with great velocity directly up against the boiler 
bottom, a circumstance which sufficiently accounts for a 
considerable portion of the economy of the process. 

But there is also another peculiarity which distinguishes 
this invention iirom that of Mr. Horrocks, which is, that the 
small quantity of atmospheric air necessary to supply oxy- 
gen to the furnace, is admitted to the fan by an adjustable 
aperture, and allowed to become heated by intermixture 
with the smoke and hot air, as they are returned to the 
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ash-pit Tbus the process acquireB many of the well knowD 
advantages beloDging to the hot air blast, as used in me- 
ti^urgic operations. The saving in fuel is stated by the 
patentee to be about 20 to 30 per cent., and we have bad 
opportunities of ascertaining, that in some cases this state- 
ment is not overrated ; but bow much of this saving is to 
be ascribed to the improved draught, and the peculiar ap- 
plication of the hot air blast, or whether any portion of it is 
derived from the actual combustion of the smoke, there have 
as yet been no direct experiments to prove. 

43. In the course of our pracUce in saving fiiel and burn- 
ing smoke, we always found that nothing tended so much 
to the accomplishment of both these objects as enlarging 
the furnace and flame bed, and where the draught of the 
chimney was good, also enlai^ng the fire-grate. In adopt- 
ing this last alteration, it was always found that the max- 
imum effect was produced when the area of the fire-grate 
was increased in a somewhat greater ratio than the efiective 
heating surface was diminished: — that is, when a certain 
effect is to be produced, say, for example, an evaporating 
power equal to the supply of a twenty horse engine, which, 
we have seen, requires twenty square yards of effective 
heating surface, but from malconstruction of the boiler or 
other circumstances we have only eighteen yards, then the 
furnace will require to have a fire-grate of a Utile more than 
twenty-two square feet in area; or if the heating surface he 
only sixteen yards, then the fire-grate will be required to 
be more than twenty-four, in fact about twenty-five square 
feet. 

44. The best way is to mak<e the area of the fire-grate 
such, that the number of horses power of the boiler, may be 
a geometrical mean between that area, expressed in square 
feet, and the area of the effective heating surface expressed 
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ID square yards. This proportioii gives a coDvenieDt rale 
for ready applicatioD in practice, and although empyrical, 
it has never been found to fail in producing the wished for 
result, provided that the boilers have been in other respects 
suitable, aud it has been tried in several hundred cases. 
It is therefore inserted here symbolically, along with other 
fonnul% derived from it for future reference, and in order 
that it may meet with more extended application in other 
parts of the kingdom. Should it require any modification 
to adapt it to varieties of fuel or other circumstances, it will 
from its simplicity easily -admit of such alteration as future 
experience may point out. 

VOBUVLM FOR FINDING THE HORSE FOWEB, THE AREA OF 
THE FIBE-GBATB, AND THE AREA OF THE EFFECTIVE 
HEATINQ SORFACE ; CSEFCL IN ALTEBINO OB BESETTING 
OLD BOILBBS. 

45. Let S represent the number of square yaids of efiec> 
tive heating surface ; F, the area of the fire-grate in square 
feet; and F, the horse power of the boiler; then will the 
following simple formula express all the relations of those 
quantities, sufficiently convenient to be inscribed in a comer 
of a two foot rule. 

1. Horsepower =P = v^SF. 

2. Fire-grate =F = P'-r-S. 

3. HeaUng surface = S = P'-^F. 

To make these rules for boilers as extensively useful as 
possible they are in words as follows: — 

46. To find the horse power. 

Kdle. — Multiply the area of the fire-grate in aquarefeet, 
by the area of the elective heating "aurAce in square yards, 
and the square root of the prodact is the horse power of the 
boiler ; provided only that there is not less than one square 

OS 
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foot of fire-grate for each horse power, and about one cnbic 
yard of capacity or boiler room for the same. 

47. As examples of the arithmetical operalions of this and 
the following rules may be aseliil to a large class of work- 
men, they are also added. 

Example ]. — Suppose a boiler to hare 16 square yards of 
effective heating surface, and a fire-grate of 5 feet square, or 
3d square feet in area; required the horse power. 

Area of fire-grate ... 23 square feet 
Ditto of surface 16 square yards. 



Product 400 {20 sq. root, or horse power req. 

400 



Exahplb S. — Suppose a boiler to hare 18 square yards 
of sur&ce and a fire-grate of 5 feet long and 4 feet 6 iuchea 
wide ; reqmred, the horse power. 

Area of fire-grate (5 x 4})= 22*5 square feet. 
Ditto of surface 18 square yards. 

1800 
225 

[power req. 

405-0 (20-1 2 = sq. root, or horse 



401) 0500 
401 



4022} 9900 
6044 
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48. How to find the area of the fire-grate when the sur- 
face, and horse power are given : — 

Rule. — Divide the square of the horse power, by the 
square yards of effective heating snrfiice, and the quotient 
is the area of the fire-grate in square feet. 

The following rule is also the converse of the last. 

49. To find the area of effective heating surface, when 
that of the fire-grate and the horse power are given : — 

Rule. — Divide the square of the horse power by the 
square feet of fire-grate, and the quotient is the area of 
effective heating sorface in square yards. 

Example 3. — Suppose a 20 horse boiler has only 16 
square yards of surface ; required, the area of the fire- 



Horse power 20 

20 

[in sq. feet. 

Divide by snrface 16)400 (25 quoL or area of the fire-grate, 



Example 4. — Suppose a boiler has a fire-place of 4 
feet H inches wide, with fire-bars of 5 feet long; required, 
the area of effective heating surface to enable the boiler to 
drive a twenty horse engine. 
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Horse power 30 



[of surface required. 
'^^t*?xT«'^!:}=22-22j 400-00 (18 quot. or sq. yard. 



17780 
17776 



APPLICATION OF THB RULES AND FOBHULS FOR DIFFERENT 
QUALITIES OP COAL. 

50. It is necessary to bear in mind that the above formulse 
are onlj true, when F is at least equal to P, at any rate it is 
so in this district, and in others, where the quality of the 
coal is different, the value of F will always bear some fixed 
relation to F, which can be easily ascertained by a few ex- 
periments. 

Let UB suppose, for examine, that in some situations the 
coal obtained is of such superior quality, that when it is 
used, three square feet area of fire-grate is found to have as 
great a beating power, as/our square feet of grate has, when 
the coal is used &om which the data is obtained, or in other 
words with such coal, that -} of a square foot area of fire- 
grate is sufficient for one horse power ; then, if the other 
conditions of the boiler remain the same as before, we have 
only to tabe the reciprocal of i, namely, ^ or its decimal 
equivalent 1'333, and use it as a coefficient to F in the ex- 
pression for the horse power, which will then be — 



P = v/Sx 1-333 F=v/ 1-333 SF. 

The boiler which is the subject of the first example to 
Article 47, is by this formula equal to ^l'333x 25x16 
= 23"09 horse power. 



by Google 



BULES AND FORMULA. 39 

Here the proportion of effective heating surface com- 
pared to the area of fire-grate may be expressed by 9 : 'in 
or as 12 to 1. 

51. But should the same proportion of eur&ce to fire- 
grate be also to be observed as before, namely, that of 9 
to 1 ; then we must use the same coefficient to S as to F, 
and the equation becomes — 

P = s/ 1-333' SF, or P = s/ 1'7833 SF. 
According to this, the above boiler [see Art. 00.) will be 
equal to i/ 1-7833x25x16 = 26-65 horse power. 

52. Again, suppose that 1^ square feet should in any case 
be thought necessary for the area of fire-grate for each horse 
power, (and it is so considered by some, who use the small 
refuse coal or sleek,) and also that If square yards of effec- 
tive heating surface per horse power might not be thought 
too much, (about 18 square feet of total surface which, in 
fact, is the proportion used in several of the large bleach 
works in Lancashire,) then the coefficient 

of F wiU be -—■ = '8, and that of S -^ = -666, 

and the formula for the horse power would be 

P = i/ -666 S X -8 F, or = i/ .533 SF. 

This last supposed case is a junction of two extremes, 
which is hardly possible ever to occur in this country, and 
certainly never can be uecessaiy. It is only introduced 
here to shew how to adapt the formula to different varieties 
of coal, and in this case it is adapted to the worst possible 
kind. The coefficient of S F may be taken generally to 
represent tlie value of coal as to its power of generating 
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steam, and which is never likely to be less than '8 and 
perhaps never less than '9. 

53. In regard to the other limit to the value of the co- 
efficient of SF, namely, that for the best coal, it is more 
difficult to be assigned, because various methods of in- 
creasing the effect of fuel, by building larger chimneys, and 
by improved modes of firing, are continually being brought 
into practice; and if in particular we could discover any 
means of Airther improving the draught of furnaces at a 
small expense, so as to enable us to use the Anthracite or 
Stone Coal, of which there are snch vast quantities in Wales 
and in Ireland, there is no doubt but the value of its co- 
efficient would be expressed by a number fully equal to that 
stated in Article 51, (namely, I'7839,) which would be a most 
important thing for steam navigation, as it would increase 
the power of the boilers by one-half, and effectually do away 
with the nuisance of smohe. 

THB SUDB BULE. 

54, Our formula for the hone power of boilers admits of 
a very convenient exhibition on the common carpenter's 
slide rule, as follows: — 

~.., (A ] Hor8epower=P| 8q. feet area of fire-grate =F. 

inverted J ^ | Horse power=P j Sq.yds. of heating 8urface=:S. 

Example 1. — Suppose, for example, that S = 18 square 
yards, and F=:22'2 feet, then invert the slide and place 18 
on C, against 22-2 on A, and looking to the left hand, the 
first two divisions of the same value that coincide with each 
other (and which are those of 20) represent the horse power, 
as in the example below ; — 
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f A I P=20 I F=22'2 Square feet 

Slide inverted < 

( I P=20 I S=18.Sqiiare yards. 

Example 2. — Again, suppose that the same number of 
horse power is required, hut that the effective heating sur&ce 
has been reduced from IS square yards to 16, then opposite 
to 16 on C will be found Sd on A for the area of the fire- 
grate, as follows : — 

( A I 20 I 22-2 25 Square feet 

Slide inverted ? • — • • — — 

t I 20 I 18 10 Square yards. 

Example 3. — Suppose that a boiler is intended to drive 
a thirty horse engine, but it bas only 25 square yards of 
sur&ce; the area of the fire-grate is required. 

I^ace SO on 0, against 80 on A, then against 25 yards of 
surface on o, you will find the answer to be nearly 30 square 

it on A for the area of the grate, as below: — 



Slide f A ! 30 horse power | Fire-grates 31, 84, 36, 89. 
mverted^ | 30 horse power | Surfaces 29, 26^, 25, 23. 

And in like manner against any number expressing the 
square yards of effective heating surface on C, you will find 
the number of square feet area of fire-grate most suitable to 
it on A. In short, the inverted line C represents a table of 
SO horse boilers with various quantities of sur&ce ; and the 
line A represents a table of areas of fire-grates corresponding 
to it. The rule, when thus set, exhibits at a glance the 
various ways in which a 30 horse boiler may be set up. 

55. It will be seen that any one of the three data respect- 
ing boilers may thus be found, when the other two are given, 
by any intelligent workman, without the use of a single 
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figure; and it is for bis use only that these examples are 
given so much at length. 

EXAUFLB 4. — The same results are still more conve- 
niently obtained hy using Koutledge's or the Soho slide 
rule, on which all the four lines may be used without in- 
rerting the slide, as follows: — 

A I Area of Fire-grate 25 square feet. 

B I Constant number 100 or gauge point. 

C I Surface 16 square yards. 

D I Answer 20 horse power. 
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CHAPTER II. 

ON THE CAPACITY OF THE STEAM CBAMBEB AND BOILEB 
GBNEBALLr, AND ON THE BFPBCT WHEN TOO SMALL, WITH 
BOLES FOB THBIB ALTEBdTION AND IHPBOTBHENT. 

56. Thb proper capacity for the steam chamber or steam 
chest, has been much less considered by engineers than pro- 
portion of heating surface. The reason why it has appeared 
to some of them of little consequence, shows us, at least, one 
case in which theoretical and practical men do occasionally 
agree ; it being principally owing to some of the latter having 
about as much theory, and no more than is just sufficient to 
lead them astray, and thereby become bhnd guides to those 
who have no practical knowledge at all. 

57. If instead of the steam chamber we have a close box 
or vessel, containing a permanently elastic gas, or even steam 
itself separated from water and allowing its temperature to 
remain the same, and supposing that a communication is 
made, by means of a cock or valve, with a second vessel of 
the same capacity as the first and quite empty ; then, as 
soon as the second vessel becomes filled with the expanded 
fluid, it is evident that the latter, by occupying double the 
space, will be reduced in elastic force or pressure exactiy 
one half, the resulting pressure being always inversely as the 
expansion. 

Now if we further suppose the first vessel to be constantly 
receiving a uniform supply of steam, or other elastic fluid, 
we can obtiun a rule for making the two vessels in just such 



by Google 



44 STEAM ROOM. 

proportion to each other, as will keep any variation in the 
elastic force of the steam, during any required short periods 
of time necessar; for successively shutting and opening the 
valve of communication, within any given limits. 

We need not, however, follow Tredgold's example by mak- 
ing the calculation, because, although it has some similarity, 
it is far from being a parallel case to that of a steam engine 
boiler and cylinder. In the latter case, there is nothing like an 
uniformity of supply in the boiler ; for although the action 
of the fire may he supposed to he uniform, yet, by far the 
greatest portion of the steam is very rapidly generated during 
the first half of each stroke of the piston, and at which time 
only, ebullition, properly bo called, takes place, but which 
usually ceases immediately after the piston passes the point 
of its greatest velocity, or when the crank is at right angles. 
This effect can be distinctiy shown in a glass boiler, and the 
great difference in the quantities of steam produced, in the 
same time, by water in a boiling state, and u>A^n not boiling, 
although at the same temperature, it is unnecessary to 
insist on. 

58. Returning to the assumed case of the two vessels, and 
supposing that the first (which may represent the steam 
chamber of a boiler) is regularly supplied with steam by 
a constantiy uniform evaporation of the water ; then, tiie 
pressure of the steam must evidently always ret^dn the 
greatest degree of uniformity, when the flow of the latter 
through the channel of communication with the second vessel 
(which vessel may represent the cylinder) is interrupted 
for the shortest possible period of time ; consequently, under 
such circumstances, a smaller capacity of steam chamber 
will be sufficient to render any variation of pressure incon- 
siderable, than if those interruptions were to occupy a greater 
portion of time. 
Thb is, indeed, precisely what follows from the erroneous 
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theory of Tredgold, founded as it is upon the mistaken 
assumption of an equability in (he generation of steam, as 
may be seen by a reference to his work, (Articles 210, &c.,) 
where by means of it he endeavours to show that an engine 
working expansively requires a larger boiler than when 
acting at full pressure. The impossibility of such a con- 
clusion being the true one, ought to have struck any one 
in the least practically acquainted with the subject ; and is 
only equalled in absurdity by a statement in the same work, 
quoted from Prony's Architecture Hydraulique, to the effect, 
that it was one of the advantages of a double powered 
engine, that it required a smaller boiler than a single acting 
one, which in fact must have arisen from the same &lse 
premises and the same mode of reasoning. 

Thus, according to Tredgold's theory, all those engines 
whose valves are closed for the shortest portion of time 
between the strokes, other things remaining the same, require 
the least capacity of steam chamber ; but the reverse of this 
is the iact. For it is proverbially well known, that the old 
fashioned hand gear or tappet valve engine, invariably 
requires more steam room in the boiler, than the modem or 
slide valve engine, in which the valves are worked by an 
eccentric, the action of opening and shutting the valves not 
being so sudden as in the former. 

69. The steam in a boiler, of course, continues to accu- 
mulate, although slowly, during the time that the induction 
valve is quite closed ; but as soon as the momentum of the 
fly wheel carries the crank over the centre and opens the 
valve, the sur&ce of the water in the boiler is, with the com- 
mencement of each stroke, simultaneously relieved fixim a 
portion of the pressure of the steam, and the water imme- 
<Uately commences boiling, let its temperature be what 
it may. 

A very demonstrative way of iltustraling this intermittent 
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action of the water oi a BteBm engtDe boiler, is to adapt a 
test tube with a small portion of the bottom cut off, to the 
neck of a common Florence flask containing boiling water and 
placed over a lamp or gas light ; then, by nsing a cork by 
way of piston, and the test tube as a cylinder, tlie phenome- 
non may be produced is miniature exactly as it occurs with 
the steam enpne itself, and the experiment may be made 
risible to a large assembly. It is, however, necessary to 
recommend caution in experiments with glass boilers, and it 
may be nsefal to state, that, when the water is at a boiling 
temperature, if the cork be totally and suddenly withdrawn, 
the whole of the hot water will be pn^ected from the flask 
or discharged upwards with considerable force. 

fiO. Now it will be at once perceived by those who may 
repeat this experiment, that the manner in which steam is 
produced in the boiler ctf a steam engine at work, is partly 
by a dttHUatory process daring the times that the valves are 
closed, or, property speaking, by evaporation, and which is 
dependent upon the extent or superficial area of the evapor- 
ating, or water surface, as well as upon the beatdng surface ; 
but, of coarse, the steam is principally produced during the 
short periods of ebullition, its prodoction in the latter case 
being termed by chemists vaporisation, which serves to mark 
a proper distinction ; but we shall generally use the more 
common term evaporation, to express the compound process 
we have been describing. 

61. The best way perhaps that we can examine and deter- 
mine the proper capacity of boilers in relation to their horse 
power, will be to take an example, by which means we can 
at the same time show our method of treatiag any similar 
case in actual practice. 

In pursuance of this object, we shall therefore make an 
application of the principles evolved in the last chapter to 
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the case of what may be considered a badly proportioned 
wagon>Bhaped boiler, although of the same horizontal dimen- 
sions as the last, (Art 19,) and therefore usaally considered 
of twenty horse power. Its dimensions are 20 feet long, 
5 feet wide, and 6 feet deep, (see Fig. 3.) The ftimace is 

Fig. S. 



3^ feet wide, and the boiler bottom being arched 8 inches, 
it is about 3-75 feet broad, (measuring by the curved surface,) 
which multiplied by the length, gives 75 square feet of 
bottom surface. The water being about the same depth as in 
Figure 2, (Art. 21,) or about 3^ feet, and the verticEil height of 
the heating surface exposed in the side flues 3 feet, one half 
of this being effective, there is 1*5x40=60 square feet in 
area of effective heating surface in the sides. The effective 
healing surface of the ends may be taken to be the some as 
in Figure 2, for although less in depth it is made up for by 
greater width on account of the nearly flat sides, or say 12 
square feet. The total effective heaUng surface will then 
stand as follows: — 
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VorticalS„rface{gf2»=?»}=72=, 



62. According to our adopted theory of one square yard 
per horse, the abore computation shows that the boiler is 3f 
square yards short of a sufficiency of heating surface for 20 
horse power. BtU supposing it to he of the proper capt^city 
it would be a good 16 horse boiler, and therefore ought to 
have a fire-grate of 16 square feel, or as the iumace is 3Jfeet 
wide, the fire bars would be required to he 16-^a^ = 4'57 ft. 
in length, or about 4 feet 7 inches. 

Now we know that a boiler with these proportions of 
beating surTace and fire-grate has an evaporating power equal 
to the supply of a sixteen horse engine with the greatest 
possible economy of fuel ; it will not only do this, but it 
possesses a capability of supplying sufficient steam for such 
an engine when loaded to one-half more than its nominal 
horse power, as well as to work with moderate economy 
when only half loaded; or in other words, a good sixteen 
horse boiler is capable of working from eight to twenty-four 
horse power, with something like a proportional expenditure 
of fuel for the water boiled away ; increasing of course in a 
trifiing degree, as the demand for steam rises above, or falls 
below, the medium point of sixteen horse power, that being 
supposed to be fixed as the maximum qf profitable effect 
after a consideration of all the circumstances of expense of 
fuel, original cost of boiler, tear and wear, and attendance. 

63. There are few subjects connected with (he economy of 
the steam engine on which such erroneous opinions have 
been held as on that of steam room. Mr. Millington was of 



by Google 



ON PRIHINa. 49 

ppinion that room for 5 or 6 times the qaantity of steam 
Dsed at each stroke was sufficient, while Dr. Young states 
that ten times the quantity is required ; — Mr. Tredgold's 
calculation, which we have already shown to be baaed upon 
a false assumption, purports to prove that a steam chamber 
sufficient to hold 8 times the quantity used at each stroke, is 
of the proper capacity for a double acting engine working at 
lull pressure*. In order to compare this with the propor- 
tions in general use, we shall assume that the cylinder of a 
20 horse engine is nearly 2 feet in diameter, or 4 circular feet 
in area, or in round numbers, say about 3 tguare feet, which 
will give 13 or 15 cubic feet for the contents of the cylinder, 
according as tiie length of the stroke is 4 or 5 feet ; but sup- 
pose we take the medium, 13^ cubic feet, or half a cubic 
yard, as the average consumption of steam for each stroke of 
a 20 horse engine, and multiply it by 8, we shall have 4 
cubic yards only, which is at most not more than half as 
much as it ought to be, as every operative engineer well 
knows. 

CATISE AND EFFECTS OF FRIHINO. 

64. If a boiler were only required to generate a certain 
quantity of steam, and that always at an uniform rate, it 
wotdd only be necessary to supply it uniformly with water, 
and by applying a regular heat, the desired result would be 
attained; but the case is very different to this in practice. 
From the necessarily intermittent action of the valves of all 
steam engines, the supply of steam being momentarily cut off 
at each stroke, as well as for a considerable period during 
each stroke in those engines that work expansively, the effect 
is to throw the water of the boiler into an undulatory motion, 
as may at any time be perceived by observing its effect in 



■ Tredgold on the Steam Engine, Wesle'i EdhioD, Ail. 216. 
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the glass tube of the Water Gauge* now so generally at- 
tached to boiierfl. 

66. This undnlatory action of which we speak, is ap- 
parently independent of, or at least in addition to, the inter- 
mittent state of alternate ebullition and repose before de- 
scribed (Art. 57). At any rate, firom one of these conditions, 
or from both combined, it is certain that the agitation of the 
water occasionally becomes so violent as to cause the latter 
to follow the steam into the cylinder, and when in too great 
a quantity to escape through the steam port in the return 
stroke, it infallibly breaks down the engine. 

We speaJi of the effect thiu positirely ae regards &ctory 
engines, because they are not, and cannot be expected to be, 
calculated to withstand a sudden blow, and such it is in 
reality. For if the water primes into the cylinder in suffi- 
cient quantity in the down stroke, it must rem^un on the top 
of the piston until it strikes against the cylinder cover in the 
up stroke, with more or less violence according to the quan- 
tity. From the incompressibility of water, of course tbe 
effect is tbe same ae if a piece of iron of equal thickness to 
the depth of water was suddenly inserted in its place. The 
tremendous effect sometimes produced when a large engine of 
80 or 100 horse powerbreaks down from this cause is a matter 
of notoriety in Manchester ; for as the vacant space led at the 
top of the cylinder is generally of no greater depth in large 
than in small engines, the intruding body of water strikes 



* TbeGlaa Ttibe Water (?(it^f is an appendage to boilers of so mucb 

use in testJDg the evaporating powers of different boilers, and in ascer- 
tainiog the value of different kinds of fuel, or the merits of the various 
modes of firing, that it ii a matter of aaConisbment how it is overlooked 
by any one ; moreover, it is so p-ell calculated to prevent accidents from 
a deficiency of water, that it cannot be too strongly recommended to all 
owners of high pressure en^'nes. 
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the cjlinder cover with a proportionally greater force. Ge- 
nerally the accident does not end with merely straining or 
breaking the crank pin, as is frequently the extent of the 
injury in small enpnes ; but the momentum of the beam is 
then added to that of the fly wheel, and their combined force 
is exerted directly in splitting the cylinder, or tearing off the 
cylinder cover, thence effectually demolishing all the rods 
and gearing, in fact the miun beam itself also sometimes gives 
way, leaving almost nothing whole except the fiy wheel. 

66. In analyzing the various causes concerned in the pro- 
duction of the effects above described, we must not overlook 
the fact that the tendency of the water to rise into the cy- 
linder is always considerably promoted by the very usual 
situation of the Bteam or induction pipe at the back end of 
the boiler ; this seems to arise partly from the constant cir- 
culation of the water, which causes a current at the surface, 
to set in the direction of the length of the boiler from the 
front end to the back. 

This circulation of the water in a steam engine boiler, of 
course, takes place in all boilers, with a certain velocity 
depending upon the ratio that the intensity of the heat in 
the furnace beais to the quantity of water to be kept heated ; 
and it is entirely independent of the other two causes before 
stated (Art. 57 — 64), but it is most probable that all three 
are combined in producing waves which take their rise over 
the fire and gradually increase in height as they pass towards 
the back part of the boiler ; for it is a fact, although not 
generally known, even to workmen, that the water line or 
mark which is left by the surface of the water on the inside 
of the boiler is not level, but higher at the back end than 
the front, modified in some degree by the ntuation of the 
steam pipe. 

67. The peculiar tendency of the water in a steam engine 
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boiler, to rise ioto the cylinder, of which vre have been treat- 
ing, is well known to all experienced operative engineers, 
under the name of "priming" *' flushing" " pumping," and 
other similar terms, but it has not been much adverted to hy 
theoretical writers, nor is it yet looked to hy steam engine 
and boiler-makers with that attention which its importance 
deserves, although it is well known to most of them to be the 
principal if not the only thing which renders a large steam 
chamber necessary. 

It is remarkable that when the inside of a boiler is ex- 
amined immediately after the engine has primed much, marks 
are frequently found running in a slanting direction up the 
sides of the steam chamber towards the steam pipe, in nearly 
a direct line leading from that part of the surface of the 
water which is immediately over the hottest part of the 
furnace, just as if a partial explosion (if we may so call it) of 
the water had taken place id that part of the boiler and 
spent its mfun force in the direction stated. When there is 
any considerable quantity of mud or clay in the boiler, the 
marks indicating the direction of this explosion or ^fiush- 
ing are particularly legible ; and the effects of it, we have had 
many opportonities of observing in its forcihle removal of 
heavy articles which had been placed in boilers for the pur- 
pose of preventing, if possible, the priming of the engine. 

68. That waves are generated within the boiler when an 
engine is liable to prime, is a Edngular but well ascertained 
fact, as is shown by the frequent great and sudden depres- 
sions of the float at such times ; especially if the latter 
happens to be placed at the contrary end of the boiler to that 
where the steam pipe is fixed. In watching the rapidly 
successive alternate elevations and depressions of the indi- 
cator buoy or float of a boiler in this condition, the tendency 
to prime may frequently be observed to recur periodically 
after intervals of a certain number of strokes, provided that 
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the state of the fire and the load od the engine continue 
perfectly unifonn. 

Since the publication of Mr. J. Scott Russell's curious re- 
searches on the generation of waves in canals, it has occurred 
to us that his theory might possibly be applied to the illus- 
tration of the above singular phenomenon ; and that if so, 
it will no doubt be found that the depth and form of the 
water chamber will considerably influence the law which 
seems to govern the periodical recurrence of this flushing of 
the water in the boiler. Those who have leisure and inclin- 
ation to pursue this part of our sul^ect will find it an in- 
teresting field of inquiry, and far from being one of mere 
barren curiosity only, inasmuch as a few well directed ex- 
periments may lead to results calculated to unravel some of 
the still mysterious causes connected with the explosions 
of steam boilers ; than whicb, no subject is more deserving 
of the (ud of the funds of the British Association for the ad- 
vancement of Science, on account of the immense importance 
to the interests of humanity which it involves; and we know 
. of no one half so well calculated both by talent and ex- 
perience to elucidate that very perplexing and difficult sub- 
ject than the gentleman above mentioned. 

Although digressing farther than was intended, it may, in 
order to point out the intimate connexion of the two sub- 
jects alluded to, be just stated, that, we have known an 
instance of a very large safety valve (S to 6 inches diameter) 
belonging to a high pressure engine that was liable to prime, 
which would always, on being suddenly opened, discharge 
nothing but water, (although the latter bad not previously 
been higher than usual,) to the great risk of the boiler becom- 
ing short of water and thereby creating an explosion ; a fact 
which shows the inutility of very large safety valves, instead 
ot two or three small ones of the same united area. 

69. Although there are many boilers working with Tred- 
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gold's pioportion of steam TOtHn, and even with a much Rtnaller 
proportion, all that we have been able to meet with belong 
to high pressure or non-condensing engines, oi those in 
which the steam is very much throttled or anre-drawn ; that 
is, the pressure is invariably a great deal higher in the boiler 
than in the cylinder, and in some cases nearly double, as the 
application of the Indicator* has invariably shown. Hence 
the uniform failure of all attempts to iotroduce high preBsure 
engines for working the cotton mills in Lancashire, where 
examples of the low pressure, condendng, or Bonlton and 
Watt engines, are so numerous as to be a ready test of their 
comparative economy. 

From this cause mainly, we have the tampering with the 
safety valves, and, consequently, accidents continually oc- 
curring where high pressure engines are in use. In low 
pressure boilers, the method of meeting the difficulty of too 
small a steam chamber, by raising the pressure of the steam, 
is not practicable to any thing Uke the same extent, on 
account of the usual method of feeding the boiler with water 
by means of the ordinary feed pipe, which boUs over when 
the steam is too high ; but where it can be done at all it 
generally is. With marine boilers, which are supplied direct 
from the force pump, in the same manner as those of high 
pressure engines, it is practised to a considerable extent, and 
is in the highest degree reprehensible, considering the im- 
mense destruction of human life that has sometimes taken 
place by the bursting of the boilers of steam packets. 



* The Sleam Engine Indicator, aa improved and rendered extremely 
portable by Mr. Mc. Naught, of Glasgow, is now well known in Lan- 
casliiTe ; and it is really of so much use to the steam engine proprietor in 
enabling hira to detect the effect of any alterations in the engine, as well 
as a good approximation to ascertaining the comparative load on ei^ines 
doing a similar kind of work, tliat it is only surprising not to find it a 
permanent appendage to all engines. 
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70. It will not, perhaps, be thought that we are dilating 
too much on this part of the subject, when it is considered 
what imraense sums of money have been expended in lunniag 
after that iffnia fatwa steam locomotion on common roads, 
and ending after all, as has been observed by some one, in 
bringing as to the humiliating conclusion, that a sixteen 
horse power ert^ne will not propel a four horse coach. Now 
the priming or the flushing of the boilers, which are necessarily 
of veiy small dimensions, is acknowledged on all hands to be 
the principal difficult that the rariouB projectors bare had to 
encounter ; consequently, there arises the necessity of using 
steam of two or three hundred pounds per square inch, as 
appeared by the evidence of Mr, Gumey and others, before 
the parliamentary committees a few years ago. 

It must not, however, be taken for granted that we assent 
to the first of the above conclusions as containing any thing 
in the least discouraging to any intelligent projector of steam 
carriages. For who that really deserves to succeed ever ex- 
pected that less than a sixteen horse engine will be required 
to drag a four horse coach upon ordinary turnpike roads, 
when probably one half of the power of the engine is re- 
quired to propel itself. The only difficulty as to the engine, 
is to have sufficient power in the smallest possible space ; to 
effect which, there can be no doubt tiiat the reciprocating 
principle, with all its rods, guides, cranks, and crooked 
contrivances must be entirely thrown overboard, and a 
simple and effective rotary engine substituted. It is 
however well known, that, amongst all the difficulties 
steam carriage makers have had to contend with, the boiler 
has always been the grand rub. That being, as it is termed 
by the eccentric Col. Maceroni, the very " soul" of a steam 
carriage, and as it is, indeed, of any other sort of steam 
engine. 
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71. Although the steam chambers of the boilera of railway 
locomoUves are not so confioed as those jnst mentioned, jet 
we ventnie to affirm, from a general knowle^e of the wott- 
ing of the travelling engine upon railways, from its first in- 
troduction into the county of Durham in 1815, and a pretty 
close attention to the numerous alterations and improvements 
attempted on the Liverpool and Manchester railway, from 
its opening up to the present period, that the want of suf- 
ficient steam room has been the cause of some of the greatest 
difficulties that railway engineers have yet had to contend 
with, however unwilling they generally are to admit the fact. 
How far increasing the gauge of the railway, as is now 
being done by Mr. Brunei on the Great Western line, will 
tend to lessen the enormous expense of railway travelling, by 
admitting the possibility of using larger boilers as well as 
larger wheels, remuns to be seen. 

It IB a fact of the very utmost importance, and deserves 
the attention of those intesested in railway speculations, that 
the very large item of expenditure in the reports of the Liver- 
pool and Manchester Company, under the head of locomo- 
tive power account, varying fium 30 to 40,0002. per annum, 
is, in part, the result of want of sufficient boiler room. la 
saying this, it is not meant that larger boilers than those at 
present in use by that company are at all practicable on tiieir 
line of railway ; and much less is it intended to cast the 
least reflection on any part of the direction, for there has 
been no lack of zeal in every one concerned in the manage- 
ment, to adopt every possible expedient that promised any 
chance of abatement under this bead of disbursements ; it is 
only mentioned to show the necessity of rculway directors, 
generally, attending more to this point. Science has, as yet, 
done little or nothing for them ; indeed the common fault of 
railway directors is too great a tendency to adopt the sugges- 
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lions of mere scientific gentlemen, or the schemes of amateur 
enf^neers, because their ideas happen to be clothed in a scien- 
tific dress, in preference to plain, practical, and inexpensive 
improTemeots of a less ostentatious character. 

7S. The nnmerous improvements of the ingenious Trea- 
surer* of the Liverpool and Manchester Company, appar- 
ently with a view to avoid the altemaliye of very large boilers 
and •a reduced speed, and the many curious contrivances 
adopted from time to time to prevent the priming of the 
boilers, are proofe that those who have much experience 
in this matter, conuder that in using larger boilers the 
remedy would be as bad as the evil it is proposed to cure ; 
it is, therefore, now generally admitted that the profitable 
application of steam to rapid railway travelling, is yet sur- 
rounded with peculiar difficulties, all of which tend to the 
conclusion, that although the steam-engine is an agent of 
almost unlimited capabihties, still it has, as yet, resisted all 
attempts to confine it as it were in a nutr^hell. 

If the boilers are made larger and heavier, the destruction 
of the rails will be greater, besides the danger arising from 
the increased momentum of the engine in case of accident ; 
oU'the other hand, if we work with smaller boilers we must 
have a higher pressure of steam, and then there is the greater 
destruction of the grate-bars and fire boxes, by the necessarily 
increased temperature of the fiimace, which must render 
journeys of much greater length than thirty or forty miles 
with the same engine to be very uncertain and precarious. 



* H. Booth, Esq., of Liverpool, tfae inventor of the present form of 
locomotive boiler with anmeioua tubular flues, whose unremitting per- 
seveiance, combined with the united talent of the various able engineers 
and mechanics of the establishment, has rendered the locomodve engine, 
at adapted lo their own line and their present airangements, as to speed 
and pasKDger traffic, perhaps inci^able of fiuther improvement. 
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besides the danger and delay attending the continual giving 
way of the tubes. Agiun, if we attempt to use the steam at 
a moderate preseoie, although fully equivalent to a reason- 
able speed, there is the constant liabihty of the water to 
prime over into the cyUnders, from whence it is forced, by 
successive blows of the pistons, through the funnel of the 
chimney, to the great detriment of the whole of the machin- 
ery, more particularly of the cranked axles, which, on this 
account, require to be of such enormous strength ; in bet, 
when the engine primes, the piston is acting for some time 
like the ram of a powerful force pump or water en^ne, and 
the resulting effect must depend upon the acquired momen- 
tum or velocity of the engine at the lime, and the strength 
of the parts. Any one may observe the effects of a locomo- 
tive engine priming, in a fine shower of spray from the top 
of the funnel, immediately on reaching the bottom of any 
considerable inclined plajie, unless the speed is previously 
slackened or the regulator used with extreme care. Hence 
we may well doubt the applicability of this engine to long 
lines of railway ; the defect seems to He in the principle 
which apparently involves the necessity of wire-drawing the 
steam, and is not to be easily removed by any mechanical ar- 
rangement whatever. In the locomotive engine, in its most 
improved state, the steam is in fact throttled at both end^— 
that is, both in the induction and eduction pipes. 

73. Notnith standing that the bcnlers of the locomotive 
engines on the Stockton and Darlington rmlway have been 
generally modifications of the old, or Trevithick plan, with a 
much greater capacity in proportion to the heating surface, 
than the mulliflue boiler of Mr. Booth, and therefore, gene- 
rally considered to be on a less economical principle as to 
the application of heat, it is well known, that the cost to the 
company for drawing each ton per mile on the level, is not 
one half of what it is upon the Liverpool and Manchester 
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line. The fact is certainly not in favour of bigh speed and 
high pressure ; the speed of the Darlington locomotives 
being about 12 to 15 miles an hour, which appears to be the 
velocity tbat gives the maximum of useful effect, while the 
pressure of the steam is only about 40 pounds ou the square 
inch. And we have had an opportunity of ascertaining, 
from a long series of very careful experiments, that even this 
pressure is still higher than that which is found to produce 
the best possible effect in a stationary engine, when working 
without either governor or throttle valve, as is the case with 
locomotives. 

The superior economy of the Durham engines, is, no 
doubt, in part, owing to the use of coal instead of coke, and 
not being compelled to bum their smoke, (as they are 
obliged to do on most of the Lancashire railways,) and this 
^t, it may be observed by the way, says nothing in favour 
of smoke-burning. It may also be stated, tbat but for the 
invention of the blast pipe, by Mr. Timothy Hackworth, 
which, in conjunction with Mr. Booth's boiler, at once 
doubled the efficiency of the locomotive engine, the preven- 
tion of smoke on railways would probably still present as 
great a difficulty as it yet does in fectories. 

While on this subject we may just state that the original 
" Sanspareil," of Mr. Hackworth, which all but successtiilly 
competed for the prize at the opening of the Manchester and 
Liverpool railway, may still be seen regularly working on 
the Bolton and I^eigh railway, apparently not much worse 
for seven years' constant work, the boiler never having re- 
quired any essential repair, while its contemporary rivals 
that have escaped the fate of the " scrap heap," have been 
re-made, and mended over and over again, since the celebrated 
race at Kainbill — a fact which goes far to prove that the 
principle of this engine has not been so very much improved 
upon, except that it is not so well calculated for burning 
coke as coal. The Sanspareil may Irequently be seen at the 
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KenjOD JnnctioD, waiting for the Bolton trains from liver- 
pool, and plans of it may be seen in Dr. Lardner's Work, 
Hebert's Mechanics* Encyclopaedia, Wood on Railroads, The 
Mechanic's Magazine, and many other works. 

PBIMINQ OF FACTO&Y.SMOINBS. 

74. The steam in a conunon boiler, foi working an ordi- 
nary conden^ng engine in a factory, is usually of about two 
pounds per square inch greater pressure than the ayerage 
pressure on the pislon throughout the stroke, and with this 
condition, we hare never found an instance of a boiler having 
much less than half a cubic yard for steam room per horse 
power, that was able to do its work properly. This propor- 
tion may be depended on, as the result of no very limited 
experience, being from actual personal examination and 
measurement of several hundred boilers, wiUi a view princi- 
pally to the determination of this particular datum ; and it 
fortunately happens, that the circumstance of a boiler prim- 
ing into the cylinder, not only gives yuible and audible signs 
of its taking place, but also leaves, in some measure, perma> 
nent traces of its having done so, sometimes in the cylinder, 
but almost always in the boiler, so that the accuracy of our 
experiments on this bead may be easily tested. 

Where the engine, or rather the boiler, is overworked, and 
the load on the engine not very regular, experiments to the 
foregoing effect may be said to be going on almost d^y, and 
in many cases, even without the owner being aware of any 
thing of the kind, imtil his eng^e has been broken down a 
few times, and afler the expenditure of a few hundred 
pounds ; then (as it is commonly, but expressively, said in 
Lancashire) " he^finds it otU." In fact, the want of sufficient 
capacity of steam chamber entails upon us the choice of two 
evils ; one is the risk of breaking some part of the en^e 
(generally the crank or crank pin) by a sudden flush of the 
water into the cylinder, the other is the constant tear and 
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wear, and eventually the danger of bursting the boiler, by 
too great a pressure of steam. 

7d. Instances are sometimes met with, where double the 
above proportion of steam room (Ait. 74.) is not sufficient to 
prevent the boiler from priming occauonaUy, but there are in 
such cases always some special circumstances to account for 
it ; for instance, where there has been any neglect in cleaning 
the boiler, and a considerable portion of the load is suddenly 
thrown on, when the en^ne is already running at a good 
speed, and particularly if there is at the time a sharp fire 
under the boiler capable of suddenly generating a great quan- 
tity of steam. This, it will be perceived, is nearly a parallel 
case to that of a locomotive at the foot of an incline, as al- 
ready mentioned. Cases of this kind freqoenUy occur at 
calendar houses, saw nulls, and machine shops. In the latter 
it is rather disgraceful, because the managers of such places, 
if not engineers, ought, at least, to be experienced mechanics; 
but in Lancashire there are more than two or three snch con- 
cerns which seem determined to verify the old saying, that 
" shoemakers* wives go the worst shod." Mere neglect may 
be sometimes excusable, bat there is too often sheer ignorance 
of the worst kind. Some of their proprietors have for years 
been acknowledged as the first mechanics in Europe, and 
justly as they may lay claim to be so considered, from the 
magnitude of their establishments, it is painAil to find that they 
have much to learn in respect of their engines and boilers. 

7S. The presence of some kinds of dirt in the water, par- 
ticolarly if it be of a mucilaginous nature, is liable to cause 
the engine to prime whatever may be the- amount of steam 
room. A small quantity of soap has a wonderful effect in 
this way ; and generally speaking, with a dirty boiler and a 
fiiU load on the engine, there is a contintial "pushing" of 
the water in the boiler, or an attempt to " prime " at eveiy 
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stroke of the en^^e. Id these cases we usaally find that 
the dirt has partially left the boiler and passed into the cy- 
linder, thereby seriously injuring the packing of the piston 
and valves, and causing an immense waste of tallow and fuel, 
besides requiring periiapa two engines to do the work of one. 
We know of nothing that has heeo so detrimental to, and so 
long delayed the snccessfiil introduction of Mr. Barton's 
metallic paclcing for pistons, — decidedly the most im- 
pcfftant impTovement in the steam engine since the days of 
Watt. 

For all such cases, however, there are various preventive 
remedies, which will come more properly under our conuder- 
ation in another cluster ; the principal of which are the 
adoption of various mechanical methods of frequently clean- 
ing out the boilers, or rather of preventing fhem from becoming 
dirty. We shall now adv^t in particular to an apparatus, 
which effects the latter purpose very completely without the 
necessity of emptying the boiler, and without the least in- 
terruption of the continued working of the latter, or the 
engine to which it is attached. And we shall endeavour to do 
so here, at the unavoidable risk of being thought egotistical, 
the apparatus in question being partly contrived, or rather 
improved, and wholly adapted to its present purpose by the 
author of this work ; not only because it has an important 
relation to the subject now in hand, namely, the priming of 
steam engines, but also because, since the publication of 
our first edition, we have had reason to believe that the ap- 
paratus is not so well known, and where known, not so well 
understood as we had previously supposed. 



INVEKTION OF THE SELF-ACTINa CLEaNSIMG MACHINE 
FOR THE PREVENTION OF FBIHINO. 

77. In a very &LVourab]e review of this work in the Civil 
Engineer and Architect's Journal for December 1837, it 
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is properly stated, as a well known fact, " that tbe en- 
gine primes in proportion as the water is dirty, and the 
remedy is to empty tbe boiler and clean it out" * So per- 
fectly true is this with respect to boilers under ordinary cir- 
cumstances, and so great are the evil consequences generally 
arising iirom having foul water in boilers, that the great 
cause of complunt amongst all who have been concerned 
with the management of engines, has always been the diffi- 
culty of resorting sufficiently frequent to the operation of 
cleaning out. Persons who have only a superficial acquaint- 
ance with the steam engine, and who treat the boiler merely 
like a large culinaiy utensil, are apt to conclude that, provided 
the boiler is occa«onaIly swept out, so as to prevent any 
adhesion and consequent bunting out of the iron, nothing 
more is needed j but the experienced operative knows very 
well, that, if bis engine be heavily loaded, and his boiler 
supplied with the ordinary water to be found in large towns, 
which usually contains a greasy or slimy bind of dirt, 
then, instead of the boiler bottom being in any danger of 
burning out from this cause, he will seldom find much dirt 
upon the boiler bottom itself, but by far the greater portion 
win be found sticking ap against the roof, or inside of the 
top of the boiler, and against the back end, but always above 
the surface of the water. We frequently find the dirt in this 
manner spread over a very considerable area to the thickness 
of a couple of inches, and much thicker in some particular 
places, such as in the angles and about the straps to which 
the stays are attached. 

78. Being impressed with the importance of attending to 
the above considerations, as regarding obstacleB which 
seemed to lie at the root of all fiirther improvement in the 



* The Civil Engiiieer and Architect's Journal, Vol. I. pages 37, 121, 
and 17a London, 1838. 
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steam engine, and be^des being convinced by repeated ex- 
periments, that in all cases there is a great saving in liiel and 
tallow by cleaning out the boiler once a week instead of once 
a month* ; we became of opinion that if means conid be 
devised for cleaning out a boiler daihf, or oflener if needed, 
without wasting much hot water, a great desideratum would 
be accompliebed. With these views we commenced, nearly 
a dozen years ago, the solution of the following problem, 
namely: — How to clean out a boiler without haying it 
emptied and without stopping the engine, and thereby to 
supersede as far as possible the disagreeable necessity of 
sending men inside for that purpose P — Now this was not a 
question to be easily answered off hand, neither was its 
direct solution to be evaded by some lucky thought, such as 
contriving a particular shape of boiler fin: the purpose, but 
the invention, to be usefiil, must be applicable to all sorts of 
boilers. Consequently there appeared to be no method of 
procedure so likely to be successful as the old one of the 
mathematicians in all cases of difficulty, namely, that of trial 
and error ; accordingly that was the method resorted to on 
this occauon ; and as might be expected, although success 
was eventually sure, it came slowly, and in August 1829, 
the first complete cleansing machine was implied to a 20 
horse boiler belonging to Thomas Marsland, Esq., M.P. for 
Stockport. 

79. Of course the first machine made, as we expected at 
the tjme, only partially answered the purpose of keeping 
the boiler clean, but it did so sufficiently well to com- 
pletely prevent the priming of the engine, and was so 
iar effective in other respects that the boiler was found to be 

* A period of liree dayi was recently fbtmd to be the utmost tiinit 
that could be aUowed, at a &ctory near Stockport, without the en^ne 
priming, although there were two 50 horse boilers to one 70 horse engine. 



by Google 



PBEVENTION OF FSIMING. 65 

cleaner at the expiration of thirteen weeks' continued n-orlc- 
ing than it had been before at the end of two. From conti- 
nual and gradaal improTemeDts upon almoet every new ma- 
chine that was made during the Bucceeding seven years, ac- 
companied, as may be supposed, by not a little labour and 
many disappointments, the apparatus was at last rendered 
perfect. Indeed for the last three years, so far as it is re- 
quired to free a boiler 6om mud, sand, clay, salt, or loose sedi- 
ment of any kind whatever, we can pronounce the cleansing 
machine to be quite perfect and admitting of no further im< 
provement. There are at this time, 1639, nearly one thou- 
sand of these machines in use, princip^y in Lancashire, 
Ywkshire, Durham, and Northumberland, so that any consi- 
derations in the construcUon of a boiler, with a view to the 
necessity of a man going inside to sweep it out, may be 
safely discarded. 

Mr. Harsland of course deserves the credit of being the 
first amongst the very few manufacturers who were willing 
to allow the apparatus to be tried at all, and he has, or ra- 
ther the firms with which he is connected have, now, at their 
extensive cotton and print works, no fewer than sixteen of 
these machines at work, which have been made at various 
times during the progress of the improvements. This gen- 
tleman was also the first manufacturer in this district to 
try Mr. Samuel Hall's patent method of conden^ng without 
injection, which by enabling the boiler to be supplied with 
distilled water, also offered apparently the only' plausible 
means of preserving the boiler. The plan, however, as is 
well known here, totally failed, and wa§ given up, after long 
end very expensive experiments at Messrs. Marsland's Port- 
wood Mill, in Stockport*. 

80. The first cleansing machine for a locomotive boiler 

* ThU was Mr. Hall's second pateot for the same object ; his first had 
1>een previously tried at Mr. Shefratt^s foundiy, in Manchester. 
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wu made for Messrs. Galloway, Bowman, and Glaggow's 
eDgine, tbe Caledonian, belonging to the Lirej'pool and 
Manchester Railway Company, in 1833. This enf^ne was 
the first locomotive that was made with the boiler oval in 
aecUoD, and was worked with great saccess for some years 
as a bank engine on the above nulway. The first complete 
machine for a marine boiler was made in 1834, and the ap- 
paratus was ftdly proved to act well in the City of Dublin 
Company's steam-packet the Shamrock, in tbe summer of 
183d; this vessel we believe being the first which had the 
cylindrical marine boilers with numerous tubular flues, 
which boilers, we may hero remark, are the only kind that 
are capable of bearing any considerable pressure of steam, 
without which the advantage of working steam expannvely 
is, at the best, qaestionable iu commercial steam^B. 

81. We are thns particular in stating the above focts, be- 
cause since the publication of the first edition of this essay 
we have had sundry applications from various quarters, both 
in this country and the continent, respecting the cleansing 
machine ; and it may save some trouble to parties at a dis- 
tance in being infimned, that the cost of the machine in 
Manchester is from £I2 to £16. It has been entirely uphill 
work to bring this invention to its present state of perfection, 
while the author acknowledges that his perseverance was 
not a little stimulated by many £rst-r^ scientific mechanics 
pronouncing his task to be hopeless. He would advise his 
brother mechanics who may have similar obstacles to en- 
counter, to pursue Ijie object they may have in view, and 
equally avoid having any connection with either patents or 
patrona, unless the latter make their first appearance in the 
shi^ of customers. Many of our applicants have expressed 
great surprise at not having heard of the apparatus previously, 
throi^h some of the scientific publications ; we can assure 
them, that if th^ delay tbe adoption of improvements until 
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tbey are ganctioned by the approval of the editors of scienti- 
fic journals, they may safely calculate on being at least ten 
years behind their brother manofiicturers in this country. 
The most successful manu&cturets in Lancashire do not ge- 
nerally look into books for improrements in machinery, and 
still less do they consult the adrertisements of inventon and 
patentees for that purpose. 

82. No doubt the best policy of the mechanical engineer 
in regard to the propriety of adopting improrements in any 
kind of steam engine apparatus, is that ascribed to Mr. Field 
in his fitting up of the Great Western steam-ship, who, it 
seems, preserved " a prudent mean between the rejection of 
all nntried expedients on the one hand, and the rash adop- 
tion of crude projects on the other."* But it is no very 
easy matter, for even the best informed engineer, to hit this 
happy medium ; — very great talent, as well as much labour 
and research, must be necessary to enable him to avoid being 
freqneutiy egref^ously deceived by some of the immense 
multitude of inventions that are constantiy offered to his no- 
tice; amongst which it may also happen to be iaj from being 
an untried scheme that is entitied to be considered a crude 
project The most crude and clumsy of projects, and those 
which have been tried and laid aside scores of times, are 
constantiy being revived and re-patented; and when brought 
oat in connection with a long parse are almost sure to take 
at first ; while the real mechanic who makes aseM practical 
improvementi!, may struggle in obscurity for a lifetime, on- 
less he resort to that advertising quackery which gives to 
the worthless inventions of his rich competitor nearly all 
their 6clat. It is surprising what a progress a clever mono- 
polising patentee will make, in a very short space of time, 

■ From the article " Ocean Steamers," to tb« Honthly Chroaicle*fi>r 
July, 1838, luppowd to be writtefi bf Dr. Laidner. 
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with a railway or steam oavigtUion company, as compiued 
with bis almost uniform want of success with the enterpris- 
ing cotton spinner, who rarely deputes any subordinate agent 
to think for him on the expediency of adopting any new 
plans, however well snch agents may be able to manage the 
old ones. 

THE BOCLTON AND WATT BOILER. 
83. It IB very commonly stated, that Mr. Watt allowed 25 
eubic feet of space in the boiler for each horse power : bow 
the assumed authority of Mr. Watt was first attached to {he 
statement, does not appear, but it is certain that Mr. Watt 
never left any opinion to that effect on record ; and it is no 
less certain that the practice of the present firm of Boulton, 
Watt, and Co., gives no sanction whatever to such statement 
Nevertheless, it is so stated in several popular elementary 
Fig. 4. 



works which have been published during the last fifteeit 
years, professedly for the instrucUon of working mechanics; 
and the fact serves to shew, how the writers of books who 
obtain all their knowledge lirom books alone, are apt to mis- 
lead one another, especially on the subject of steam; for 
where tfaey find an opinion current, which they are unable to 
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trace to any phUosophical principle, they can easily cut the 
matter short by saying, " fVatt and Bolton^ said so and sO, 
not caring, perhaps, how the assertion may affect the well 
earned reputation of one of the greatest benefactors of his 
age. 

84. It is not improbable that the above error may have had 

its origin in the fact that a Boulton and Watt 20 horse boiler, 

Fig. J- 




as usually constructed by them, will just occupy a parallelo-^ 
pipedal space of nearly ISj^ cubic yards, or measuring by its 
extreme dimensions in length, width, and depth, about 500 
cubic feet, and which divided by 20, gives just 26 cubic feet 
of" space" for each horse power; but this, of course, is 
" space" /or towage, or room for the boiler to stand in, and 
not inside " boiler room," as usnaUy understood. 

85. There is only one other way in which this eommon 
error could have obtained currency, and that is by some one' 
mistaking a 30 horse boiler for one of 20, from the ordinary 
practice of putting down a 30 horse boiler, to a 2a horse 
engine. Now BouJtou and Watt's 3Q horse boilers are of the 
wagon shape, and usually 5j feet wide, 7j deep, and 15 
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long ; with on inude floe of 1 foot 8 inchee across tbe top ; 
this according to the approximating rule for fined boilers in 
article 13, would be considered, in Lancashire, as equal to^ 

('•'+''""')'"° =ai-499 

5 

OT about, 21^ horse power ; and if we calculate the cubic ca- 
paeity of tbe boiler, inclading the fine tube, from the same 
dimensions, we shall find it to be about 18f cubic yards, or 
very UtUe more than 500 cubic feet, and this, supposing it to 
be taken for a 20 horse boiler, is just 25 cubic feet per horse 
power, shewing tbe same result as before. Figure 4 is a 
cross section of a Boulton and Watt boiler; and figure 5 is a 
longitudinal section of part of the same boiler, shewing (he 
uptake of the in»de fiue. 

80. With respect to the efiect which the propagation of 
the above assumed rale for boiler room, has had on the prac- 
tice of boiler making generally, there is no doubt but it has 
been beneficial; for makers and users of boilers hare been 
naturally induced not to depart very far from what they con- 
sidered Boulton and Watt's standard. We have, in conse- 
quence, a great number of boilers of all tbe various forms in 
actual use, ranging within 2 or 3 feet above and below the 
proportion of 25 per horse power, from which an average 
proportion can be obtained far more nearly correct than 
could hare been expected, if the practice of engineers bad 
varied at random, or to a greater extent, on either side of 
this imaginary standard, which, accidentally, turns out to be 
very near the correct proportion. A comparison of a great 
nnmber of cases has convinced us that those which are a 
littie abore 25 cubic feet, say 36 to 27 cubic feet per horse 
power, are the most economical in the long run, and the 
latter number is fixed upon from its being a convenient unit 
measure of capacity. 
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It may be asbed how we are to reconcile the above coa- 
clusioDB' with the generally acknowledged effectiveness of 
Boolton and Watt's boilers, seeing that they have not more 
than two-thirds the usual proportion of capacity given by 
some other engineers, and which we have foond to give the 
best results in practice. This question admits but of being 
answered in one way, and that is, by a reference to the 
practice already alluded to, of rating the boilers at one-half 
more tiian the power of the engines ihey are intended to 
drive. 

In thus referring to the practice of the celebrated firm of 
Boulton and Watt, we do not profess to have any knowledge 
of the rules they use in the proportioning of their boilers, 
otherwise than by means which are open to others : that is, 
by measuring a great number of the boilers, and knowing their 
capabilities. The proportions used by other steam engine 
makers, we have also preferred to obtain in the same way, 
although kindly offered all the necessary information on the 
subject, by several of the first bouses in the trade ; but most 
men of business are reluctant to have their rules published, 
and justifiably so ; besides, it might appear invidious to pub- 
lish those of any of the leading houses, to the excluuon of 
others. 

87. There is a very prevalent error relating to the form of 
wagon boilers, or their proportions as to length, width, and 
depth, which is frequentiy to Ge met with in books, and al- 
most always coupled with the recommendation as to capa- 
city already disposed of. In a recently published mathema^ 
tical vock, of a class generally ; very superior to the many 
popular works alluded to, a rule for finding the proportions 
of a steam boiler is thus given : " Take the width as 1, the 
depth I'l, and the length 2*5, and allow 25 cubic feet per 
hone power." Now in order to shew that the principle on 
which all such rules are founded is entirely false, it is only 
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DccBBsary to coa^der, that the areas of the surfaces of bodies 
are as the squares of their lineal dimeDsions, while their 
solid contents or capacities are as the cubes of the sanie ; 
consequently, any two boilers, or other vessels or bodies, 
which are of the same form or proportion as to their lineal 
dimensions, will hare their capacities as the squares of 
their respective surfaces. Hence, if we fix on a boiler of 
, any particular dimensions as a model, or one which we have 
found by experiment to be in the best proportiou, and after- 
wards construct another on a larger scale, say, for iustance, 
just double the lineal dimensions of the first, we shall fitnd 
that althongb it has only fou/r times the area of heating 
surface of the first, or model boiler, yet it has exactly eighi 
times its cubic capacity — and therefore it will have jast 
double the quantity of water which it ought to have, in 
proportion to the heating surface. 

Any further demonstration of the absardity of this fi%- 
quently quoted " rule," is not at all requidte for the work- 
ing mechanic, as the latter is a piece of instrnction which nO' 
boiler-maker who knows any thing of his business is at all 
likely to follow. The niost ordinary workmen, although 
unable to express it in mathematical language, are suffi- 
ciently conversant with the principle it involves. Butasone 
of the best, and we may say the very best, of the popular 
works before alluded to *, in introducing the well-known table 
of experimental results by the French Academicians, on the 
elasticity of steam at high temperatures, says, " the practi- 
cal man will duly estimate the value of this gtfi of science,^ 
it is just possible that the rule in question may be thought 
by some of its authors, or rather editors, to be another ^ft 
of science, U will be usefid if we enable the artisan to evince , 

* The Mechani(^» Calculator; comprehending principlee, rules, and 
tables, in the various departments o£ mathematics and mech^anics; usefiit 
to millwrights, engineerB, and artisans in geneial, bj> William Grier, Civit 
^i^oeer, Glasgow, 3rd edition 1838. 
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a juEt proportion of gratitacle by testing its value in plain 
arithmetic, which is the only proper neutral groond for 
"common" mechanics and mathematicians to meet, 

88. In the work jnst quoted, we hare an example of ibiM 
method of computing the power of a boiler ft feet wide, ftj- 
feet deep, and 12^ feet long ; and the whole content of the 
boiler is stated as follows : 

6 X 5-5 X 12-5=343-75 cubic feet, 
and that according to Boulton and Watt's estimate of " 25 
cubic feet of space in the boiler for each horse power." 
343-73^25 =13| 

is the number of bcHrses power of the engine for which this 
boiler would be fitted. 

Now the precise form of the boiler is not menUoned, but 
from the method of computing its internal capacity, we must 
infer it to be rectangular in section, or a parallelopipedal 
box or chest, and if we suppose one half of its external sur- 
face to be beating surface, we have — 

Sq. Ft 

For the bottom surface 5 x 12'5=62-5 

Half the two sides 5-5 x I2-5=68-75 

Half the two ends 5*3x5 =27-5 . 

The total heating surface 158-75 

Which divided by the horse power 13-75 

^ves rather more than llj square feet of beating surface 
per horse power. 

If we now take another boiler, of exactly the same form, 
but of twice its lineal dimensions, or 10 feet wide, 11 deep,, 
and 25 long, its capacity will be— 

10 X 1 1 X 25=2750 cubic feet. 
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And aung the same divisor as before, it is equal to— 
??^=:nO horse power. 

Then taking one half the external sur&ce for the heating 
surface, as in the former case, we hare — 

Sq. Ft. 

For the bottom surface 10 x 29=250 

Half the two sides 11 x 25=275 

Half the two ends 10 x 11 = 110 

This sum-t-by the horse power 11,0)63,5 

Gives &"77 square feet 

per horse power, which is exactly one half the proportion 
of the former, 

CONCLUSIONS BEGAKDINQ BOILER KOOM. 

89. From what has appeared we might safely assume, 
that the space for steam in a boiler, ought not to he less than 
half a cubic yard per horse power, and that the space for 
water certainly ought not to be more ; therefore, geoerallyi 
a cubic yard may be stated as the necessary capacity of 
boiler, for each horse power. There are certainly cases, 
especially where the water is dirty, as we have already 
shewn, in which this proportion of steam room is not suffi- 
cient, and there would not be any great disadvantage in 
generally having the steam chamber considerably larger, ex- 
cepting from the waste of heat arising from condensation and 
radiation, and the expense and inconvenience of having it 
larger than absolutely necessary. But our business at pre- 
sent is only with ordinarily well managed factory boilers, 
that are supplied with good water and kept moderately 
rhin; and with soch we bold that half a cubic yard ought 
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to be conudered tbe mmimam of eteam room fi» each hone 
power. 

90. In eQUnciating the above propOBition, we diBclaim etnj 
right to bemg its first promulgator ; for we tnow that there 
is a current saying amongst the engineers in the neighbour- 
hood of Newcastle-upon-Tyne, that a good steam-engine 
ought to have an area of piston equal to 27 circular inches 
per horse power, while the boiler ought to haye S7 cubic 
feet for tbe same. This is, probably, one of those maxims 
which occasionally become established io any trade where 
there is a good deal of practice, and it is, at least, as old as 
the first introduction of Boulton and Watt's patent engines 
to the collieries, in the counties of Durham and Northum- 
berland. 

Id bo wide a field for experience in the application of 
steam power to a uniform kind of work, the above maxim 
might be supposed to have some a priori claims to be con- 
sidered very near the truth. We have, however, been care- 
fiil not to allow any such considerations to infiuence our 
opinions ; besides, our experiments and observations on this 
subject, have been for a number of years principally con- 
fined to the engines and boilers in the cotton mills of Lan> 
cashire, where also, fivm a uniformitif of work, which is an 
important requisite, (when drawing deductions fiom an aver- 
age of a number of experiments,) we have a similar field for 
experience, to that presented by the collieries in the north 
of England, but with considerably greater focilities for in- 
vestigation and comparison. 

These advantages arise, partly, from the greater concentra- 
tion of the cotton spinning business iu large towns, where the 
constant interchange of opinion amongst the engineers and 
manf^rs of the various factories, lends to produce a cer- 
tain degMB flf uniibrmity of man^aDHO^ while the rivalrj 
of competition will not »Umr any to lag very &r bdiind 
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tbeir oeigbboars. tt may also be stated, that the workman- 
ship of the endues and boilers in Lancasbire is of a very 
superior kind, compared to that in the coal distiict. 

91. The onlj distxtct afibr^g equal facilities for im- 
prorements in steam engineering, bendes the two above 
referred to, is Cornwall, Irom which count; we have bad 
statements whicb have bad the effects of gross exaggerations 
as to the economy of the Cornish high pressure engines. 
From some recent investigations it would appear, that the 
average expenditure of fuel in the Cornish endues is about 
aix or seven pounds per horse power per hour; and that 
in tbia county, as we have already shown, it is about ten : 
0te difference is easily accounted for, by the system of work- 
ing expansively, which is capable of being carried to a 
great extent in pumping eng^es. That there ie nothing in 
their system of management, or in the form of their boilers, 
that can be profitably imitated here, anyone maybe con- 
vinced by consulting Mr. Wieksteed'a report, published in 
the first volume of the Transactions of the Civil Engineers : 
and in which will be found, plans and sections of the latest 
improvements in the Cornish boilers*. 

9S. In stating the quantity of boiler room necessary for 
each horse power, we do not mean to insist that it does not 
admit of some litUe latitude, in which the difference in effect 
is hardly perceivable, but the correct proportion is much 
more capable of ascertainment, than persons unused to such 
researches may expect. It may surprise some mechanical 
engineers, who have been accustomed to calculate to the 
fraction of a horse power, to be told, that the power of the 
steam en^ne itself can, in general, only be approximated to 

* Tiansactionsoftlie Itutitution of Civil EofftKen, Vol. L, Loodon: 
Weale, 1696. 
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-in a very rough way, compared to which, the properly cal- 
culated power of a boiler is exactness itself. This arises 
irom the finction of an engine, which, although capable of 
being ascertiuned within moderate limits for any assigned 
moment, is of that fluctuating character, and withal eo large 
a portion (from one sixth to one balQ of the whole load, that 
there is notfatng aboat the data of a boiler to be compared 
to it 

We have already shown (Chap. I.) that the evaporating 
power of a boiler is a oarttun function of the heating surface 
and area of fire-grate, combined wiUi constant quantities 
expressing the peculiar beating qualities of the fuel, which 
can be ascertained experimentally, to any degree of exact- 
ness required. Thus the principal elements of the power of 
a boiler admit of exact mathematical calculation ; and there 
is no doubt that the remaining ones, which chiefly regard 
its application to any particnlar kind of engine, or its ca- 
pacity for steam and water, also admit of the most rigid de- 
tenninalion opon mathematical principles. 

03. It is also much more easy to acquire a knowledge of a 
number of experimental tmths on this sutgect, by a very 
little observation and attention, than is usually supposed, 
and without direcily instituting experiments, or wasting time 
on what is generally understood by experimenting, which is 
well known to be frequently little better than playing with 
models. 

As a description of the best mode of experimenting on a 
large scale, we may suppose, which is a very common case, 
that any given steam-engine has two boilers, with which it 
is worked alternately, each having the same evaporating 
power, and in all other respects similar, except as to capa- 
city, one of them having twenty, and the other twenty-five 
cubic feet per horse power, (reckoned by the evaporating 
pow«r of the boiler,) of coarse a direct reference to the coal 
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accotmt will give the comparaliTe economy of the two boilers," 
and which we will suppose to be determined in favour of 
the larger one. Again, suppose in another similai case we 
find that the proportional capacities are respectively twenty- 
three and twenty-seven cubic feet per horse power, and that 
it is again determined that the larger boiler works the engine 
with the least quantity of coal, we are then assured that the 
true proportion is above tweniy-^ve cufncfeet per horsepower. 
Now if we take other two seta of observations on boilers, 
whose capacities are considerably above what we suppose 
to be near the truth, say thirty or forty, or any other num- 
ber of cubic feet per horse, and compare them in a similar 
way, we soon arrive at the fact, that the best proportion 
lays between twenty-five and twenty-nine cubic feet per 
horse power; and by proceeding in this manner, as oppor- 
tunitdes for observation occur, we may approximate to the 
true proporUon as near as ever we like. 

94. There remains to be noticed one more popular rule re- 
specting boiler room, which prevails in Lancashire, and that is, 
" for each square inch on the piston allow a cubic foot in the 
boiler." Now if the cylinders are of the ordinary proportion^, 
it will be seen that this is little more than three-fourths of 
what we have concluded on above as the best, and which 
is more nearly at the rate of a cubic foot to a circular inch. 

This rule is principally confined to the makers of small high 
pressure engines, from two to six horse power, which are 
used for a great variety of purposes, where economy of space 
is of mftre consequence than economy of fiiel ; and where, 
for Ihe same reason, the engines are made with very short 
strokes, in proportion to the area of the cylinders. We may 
observe, that this rule ^ves, perhaps, not an ineligible propor- 
tion where engines are working in pairs, as in steam-boats and 
railway locomotives j and from tiie fact, that some of the 
best engine-makers have recently erected several of those 
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" sister engines " in the cotton factories, with an amoont of 
boiler room approaching to this proportion, it is on that 
account deserving of some consideration. By the way, we 
may just state, that if three sister engines conld be conre- 
nientJy connected, it is possible that the expannon system of 
the Cornish pomping engines, might be adrantageously 
^i^Iied in cotton mills. 

95. It is, howerer, necessary to bear in mind, that our 
object is, first, simply to determine the best proportions for 
the boiler of a nngle doable-powered condensing engine. 
Mid without complicating the subject until the data for this 
object is fairly established. For similar reasons, it may be 
as well to take for granted a few other particnlars, and 
which will also tend to prevent the misapplication of some 
of our rules, in some parts of the kingdom: one of these is, 
that the boilers are to be considered as made of the best 
wrought iron plate, averaging f of an inch in thickness, 
say 7-ldths for the bottom, | for the sides, and ft-16tbs for 
the top, which is the ordinary practice of the Manchester 
boiler makers. 

FACTORY CHIMNEYS. 

96. Another, and a most important particular is, that 
the chimney should have sufficient power to command a, 
dratfght equal to about half an inch of water in a pressure 
gauge inserted in the bottom of the chimney, or from f to f , 
according to the weather, and oilier circumstanceB. The 
Presawe Gaage for chimneys is a email g^s syphon, ex- 
actly the same as that used in gas works, only its action is 
the reverse way — the little column of water being drawn 
inwards instead of being pressed outwards. 

Respecting the best construction of a chimney for ob- 
tuoing a good draught, the greatest possible difference of 
opinion exists among scientific men, and until a scientific 
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theory of heat and combastion is discovered, which will 
explain all the facts known, it will be difficult to define 
strictljr, the principles on which the velocity of draught 
tbrongh a furnace depends. The subject was a good deal 
discussed in the scientific journals some years ago, by 
Mr. Sylvester, Mr. Davies Gilbert, and others, some of the 
first mathematicians in England ; but most decidedly with- 
out producing any results on which any prudent engineer 
can depend. Mr. Tredgold was the only one who ventured 
to draw from his calculations a rule for the guidance of the 
factory engineer ; but, unfortunately, those who have been 
guided by it, have got &rther wrong, than it was possible 
for the most ignorant workman to do without any rule 
whatever. 

97. It is considered by those who have had the most prac- 
tice, that in an engine chimney from 24 to 30 yards high, the 
common rule of making them 20 inches square inside at the 
top (400 square inches area) for each 30 horse boiler, is a 
good proportion. In Manchester, where, until lately, the 
engine chimneys were from 34 to 36 yards high, we always 
found the velocity of draught to be nearly proportional to 
the capacity of the chimney, reckoning by its narrowest 
dimensions; and have since observed, that the draught is 
not improved by raising the chimney much above 40 or 
50 yards, unless the width is also increased in a obtain 
ratio. On the other band,.in chimneys under 20 yards high, 
if the width is greater than the above proportion, the draught 
is worse for it. At all factory chimneys we would strongly 
recommend the use of the pressure or draught gauge, — an 
instrument of as much use, in testing the effect of any alter- 
ations, as the water gauge, or even the steam gauge itself. 

EXAMPLE OF BE-SETTINO A BOILER. 

98. As a practical example of applying the foregoing 
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principles and deductions, we stall aow proceed with the 
inreBtigalion of the badly proportioned boiler, described id 
the commencement of this chapter, (art. 61,) from the 
dimensions there given, its capacity may be found as 
follows : — 

The semi-cylindrical top is equal to — 
58 X -7854 X 20-r2= 196-35 cubic feet, or 7-27 cubic yards. 

The water room is 3-5x5x20 (=360) less by l-flth for 
the arched bottom, = 311'11 cubic feet, or 11'52 cubic 
yards. 

Hence we see, that although the total capacity of the 
boiler is equal to ll'52-t-7'27=18*7d cubic yards, or nearly 
19 horse power, yet the steam room is only sufficient for 
7"27 X 2 = 14*54 horse power, while the water room is equal 
to 11-52 X 2 = 23-04 horse power. 

The above calculations, along with those made before for 
the heating surface, (art. 61,} give the following results : — 

Capacity 19 cubic yards =: 19 horsepower. 

Steam chamber 7*27 do. = 14J do. 

Water chamber 11.62 do. = 23 do. 

Efifeclive beating sur- 
face 16-33 square yards = 16^ do. 

99. Supposing that it is expedient to enable this boiler to 
work a 20 horse engine with the least possible waste of fuel 
it might appear thai the most feasible plan would be, to 
begin with equalising the steam and water chambers, by 
lowering the water surface ; but Ibis would render it neces- 
sary to lower the brick work of the side flues, and would 
thereby diminish the heating surface, which is already too 
small. We must, therefore, proceed in a different manner, 
and endeavoui to increase the area of the bottom surface 
first, which may he done, to its utmost extent, by taking 
away the whole of the seating bricks on each side of th^ 
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fiimace and flame bed, and re-setting the boiler upon 6 cast 
iron pillars, as represented in fig. 6 ; this will gain 9 inches 



on eacb side, or about 30 square feet of bottom sarfuce, less 
by tbe surface occupied by tbe 6 pillars, and the brick wotk 
with which they ought to be surrounded, say about 4 square 
feet; we must also deduct the small space to be covered 
with brick-work near the bottom of the side flues, say 
8 inches deep along each side, equal to 10 square feet in 
area; one half of this only, or 5 square feet being effective. 
Therefore we have 30— (4 + 5) = 21 square feet, or 2-33 
square yards of additional effective heating surface gained, 
which added to 16*33, as before found, gives 18'66 square 
yards. 

100. We also found the quantity of water lo be equal to 
11-52 cubic yards, or (1-52x27=) 41 cubic feet more than 
it ought to be for a 20 horse boiler ; we must therefore 
now proceed to take this surplus water away : if we divide 
the surplus water by the superficial area of water surface 
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(30x5=100 square feet,) the quotient will give us its 
deplli, or 

,■—-='41 feet=5 inches. 
100 

As there is already 6 inches in depth of brick work, between 

the surface of the water and the top of the side flues, there 

will still be 1 inch, when the surface is lowered by the above 

amount, but there ought never to be less than 2 inches ; 

therefore, the flues may be covered in 1 inch lower all the 

way round, and the vertical surface will thus he reduced by 

50 square inches, half of which only being efffective, it is ^4, 

01 less than ■} of a square foot, still leaving the eSectire 

heating surface above 18^ square yards. 

101. The proper area for a fire-grate for a 20 horse boiler, 
with this amount of heating surface, can be found by the elide 
rule, as directed in the last chapter, (art. 6i,) or the formula, 
as follows :^ 

^ P ao°- 400 „. „ ^ " 

and the corrected proportions of the boiler will stand thus : — 
Steamroom7*a7 + rS2=8'79cubicyards=17'58 horsepower. 

Water room 10* do. 20' do. 

Effective heating surface 18'5 square yards'^ 
Area of fire-grate .... 21*6 square feet S 

By comparing this with the former calcidation, (art. dlj) 
it will be seen that the proportions are considerably im- 
proved ; the steam room being increased and the quantity of 
water lessened ; and at the same time, with an increase of 
the effective heatiag surface. 
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CHAPTER ni. 

ON TttE EFFECTS OF LA.ROE B0ILBB8 ; ALSO ON THE 
DISPOSITION OF THE WATER CHAMBER, WITH METHODS 
OF REDTTCING ITS CAPACITY AND SAVING FUEL. 

162. Having detennined the proportionB necessary to be 
observed in a good steam boiler, as regards its steam cham- 
ber and heatiog surface, we have, in the last chapter, seen 
how far those proportions may be departed from, by giving 
an analysis of what would be called a 20 horse boiler, 
according to one of the common modes of reckoning in Lan- 
cashire ; and having also shewn a method of correcting its 
deficiencies, or improving it, so far as it is susceptible, in the 
best way short of pulling it out of its place and putting in a 
new one, we shall resort to the same mode of illustrating the 
subject of this chapter. 

The above-mentioned nominal 20 horse boiler, was con- 
structed in the proportion oijive square feet of water surface 
per horse power ; we shall now, with a similar object in 
view, take an instance of one with an allowance of si:!: square 
feet per horse power ; say 17 feet long, 7 wide, and 8 deep, 
a transverse section of which is represented by the opposite 
diagram fig. 7. These cases are not exacUy supposed ones, 
but samples of many that have been the subject of direct 
experiment, and to which, one or more of the rules and 
method! of treatment recommended in this work, have been 
actually applied. 

10$. In choosing this method of investigation, we shall 
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OF THE WATER CHAMBER. 

Fig. 7. 



endeavour to mculcate principles by applying them to prac- 
tice, although Ailly aware of the usual charge, as well as of 
the danger, of drawing conclusions from isolated facts and 
experiments; it may, however, be said, that altliough this 
empirical mode of instruction, by example rather than pre- 
cept, may not be liable to very serious objections in teaching 
the mere elements of knowledge, as it is, in fact, the only 
successful mode of thoroughly instructing those who wish to 
learn any mechanical trade, yet that at any rate it is " unsci- 
entific." To this we can only reply that it is not " un- 
English," for we are told that Brindley raised the first canal 
aqueduct in the world, in defiance of all the rules of science 
of the day ; and in the same locality we have seen Stephenson 
successfiilly lay an iron railway across Chat Moss, quite 
contrary to the opinions of all the learned; and to compare 
small things with great, if we succeed iu assisting the English 
manufacturer, or artisan, to obtain the greatest amount of 
power from a steam-engine, at the least possible expense, 
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we may safely continue to leave to the French and conti- 
nental writoTB, all abstract speculations on the subject of 
steam, as more suited to (he closet of the philosopher than 
an English workshop or manufactory. 

Notwithstanding the general inclination of the capitalists 
of the present day to listen only to the plaiuible theories of 
scientific men, all who are experienced with the practical 
dettuls of any kind of manufoctming industry, will agree in 
the propriety of this mode of treating this subject, as being 
more consonant to the manner in which nearly all useful 
practical knowledge is originally attained ; besides, each 
example chosen is not to be considered merely as an indivi- 
dual case, but an average of a very large class of cases, which 
may be found every day, so that all who have any pecuniary 
interest in the matter, have ample means of judging of the 
general correctness of our statements. 

Although most of the foreign investigations on this subject 
are of far too speculative a character to be of any immediate 
utility, we ought, however, in justice, to mention a splendid 
exception in the late experiments on the explosion of steam- 
boilers, by the Franklyu Institute of Pennsylvania, made by 
order of the American government*; those experiments 
being alike, distingnished for the original talent employed in 
their execution, as for their general practical hearing and 
humane tendency. 

WATEB BOOM. 

104. In fixing on the proper capacity for the water cham- 
ber of a steam-engine boiler, there are not such peculiar 
difficulties, as in the case of the tteam chamber. It is gene- 
rally agreed that, for the former, ten or twelve cubic feet per 
horse power is as littie as ought to be allowed ; Tredgold 



■ The Report has been printed in the 25th and 26th Voliune of that 
ntffiil work, the Jioadon Mechanic's Maganne. 
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recommends not leas than ten, in consideration of the feeding 
apparatus for water not acdng with perfect uniformity, even 
if ever so delicately adjusted ; but in fact, contrary to what 
Tredgold appears to suppose, it is usually found, that the 
feed-water enters the boiler with the greatest uniformity, 
when the feeding apparatus isnot so very delicately adjusted, 
—for the float is then not so much aSected with the occa- 
sional ebullitiou of the water. Mr. Tredgold, however, 
advises us to calculate upon the feeding apparatus being 
occasionally out of order, and therefore to err on the safe 
side ; but as there are more causes for putting it out of order 
than he seems to be aware of, we shall not be far wrong if 
we take the capacity for water at a higher rate than bis 
estimate. 

105. We have elsewhere stated, that the water chamber 
ought to contain about ]3|- cubic feet per horse power ; and 
from some direct experiments, made by having large stones 
and other articles placed in boilers, so as to occupy a portion 
of the water room, (as represented in Fig. 10 and 11,) without 
altering the other conditions of the boiler, it has been proved 
that it ought not to be more, even for hard firing. It is one 
of the advantages of Mr. John Stanley's firing machine*, that 
it will keep the steam equally steady, with a less quantity of 
water than is required when the old mode of firing hy hand 
is used ; hut owing to its keeping up a regular flame against 
the boiler bottom, the water is continually on the point of 
boiling, and therefore to prevent priming, the surplus room 
for water ought to be added to that for steam. 



• This machine, connected aa it now is with Stanley and Walmsley'e 
patent moving fiie-bars, completely effects the important purpose of 
feeding and stoking the fire, without opening the doort of the furnace ; 
besides apportioning the fuel very exactly to the quantity of steam 
required. 
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106. The priming of the eogine is, also, not altogetlier 
unaffected by the quantity of water which the boiler may 
contain, inBsmuch as a smaller quantity of water becomes 
sooner concentrated, or thickened with the daily accumula^ 
tions of whatever dirt enters the boilers along with the 
supply water, either in solution or suspension, consequently 
very Itequent cleaning of the boilers from its being a great 
preventive of priming, will, by enabling us to work with a 
smaller quantity of water, tend considerably to a saving 
of fuel. 

107. It is a prevuling opinion, that after the steam is once 
got up, there is no material difference between keeping a 
large quantity of water boiling, and a smaller quantity, pro- 
vided that the boiler is sufficiently clothed with non- 
conducting substances to prevent the escape of heat by 
radiation or conduction, bnt on this subject practical men 
differ ; although, why they should differ in opinion on so 
plain a matter is unaccountable, for it must appear very 
evident that a large quantity of water will require more heat 
to keepit boiling than a smaller quantity, supposing of course 
the heat required to generate steam- to be equal in each case. 
On the other hand, when there is loo small a quantity of 
water, it is difficult to keep the steam sufficiently steady, it is 
then quickly up, but is as quickly down again, more espe- 
cially where the old system of stoking and firing by hand is 
still in use ; but where machine firing is used, (and where it 
is not it ought to be,) as it is now almost universally in 
Lancashire, a much less quantity of water will do than was 
formerly thought necessary. 

108. It is quite clear, that the smaller the quantity of 
water, the less will be the expenditure of fuel during the first 
getting up of the steam after each stoppage of the engine. 
Some idea of the quantity of fuel required for this purpose 



by Google 



WATER ROOM. 89 

may be formed from the consideration of the well-known fact, 
that it requires about one-sixtb of the quantity of fuel to heat 
water np to the boiling point, which is nec^sary to boil the 
same quanUty of water entirely away, or about L4 per cent, 
of the whole consumption. We have already, from quite 
different considerations, estimated the proportion at about 
IS per cent. (Art. 9); but whatever maybe the exact amount, 
it is well known to be in direct proportion to the quantity of 
water in the boiler, and that it is sufficiently considerable to 
make it an important item in the expense of a steam-engine. 
Now, if we suppose that a boiler contains only one-third 
more water than is absolutely necessary, it appears from the 
above, that there will be on that account, a direct loss of 7^ 
per cent, upon the whole consumption of a Factory Engine ; 
or for lOO horse power, say 6 or 7 tons per week, which is 
equivalent in the manufactunng district to upwards of 150^. 
a-year. It may seem incredible to some, that so large a 
portion of fuel may be wasted from this cause, but it is suffi- 
cientiy evident from theory, and has been abundantly proved 
in practice. 

109. Mr. William Elsworth, the well-known able engineer 
of the extensive cotton-works of Messrs. Horrocks, Miller, 
and Co., of Preston, some time ago ascertfuned by several 
careful experiments, that the mere circumstance of keeping 
the boilers cleaner than is generally dtHie, is capable of 
reducing the time of getting up the steam by at least one- 
third ; and consequentiy, also reducing in the same propor- 
tion the consumption of fuel used for that purpose, which in 
their case was very considerable, owing to the circumstance 
of Mr. Elsworth preferring to work with a greater quantity 
of water in the boilers than is usual in other parts of Lan- 
cashire. It may be here stated, that Messrs. Horrocks, 
Miller, and Co. are almost the only manufacturers in Lanca- 
shire who have persevered in the use of Mr, Parkes's system 
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of gmo^e barning*, which, as we have before stated, requires 
a greater proportion of water in the boilers than is necessary 
with machine firing ; notwithstanding which, we have reason 
to believe that a degree of economy in fuel is attained by 
tbem fully equal, if not superior, to that of any similar esta- 
blishment in the cotton manufactnring district The average 
evaporation at all their mills being about 7 lb. of water to 
each pound of coal consumed, which is under 9 lb. of coal 
for one horse power, assuming the latter to be produced by 
the evaporation of a cubic foot of water ; — the average for 
this district, as we have before shewn, being about 10 lb. per 
horse power. 

The cause of this superiority may be principally ascribed 
to Mr. Elsworth's judicious arrangements for testing the 
evaporative powers of the boilers, which, together with fre- 
quent comparisons of the indicated power of the respective 
engines, has enabled him, through the experience of a long 
series of years, to arrive at such proportions in the construc- 
tion of both engines and boilers as are proved to be the most 
beneficial in practice. 

It ought to be a matter for congratulation amongst the manu- 
facturers, that the spirited firm above mentioned are being 
the first to introdnce a modification of the far famed Cornish 
system of working expansively into a cotton factory. They 
are now (1839) about to start a pair of new engines upon 
this principle, of the most beautiful workmanship, with cy- 
linders of 5S inches diameter each, — and we are convinced 
that if it is possible to apply this celebrated mode of work- 
ing to two steam engines with sufiicient regularity for the 
spinning of cotton, it will be accomplished in this instance. 



• SJDce the above was written, a very Important paper on this sub- 
ject, by Mr. Parkes, has been published, as part of the third Vol. of the 
Transactions of the Inatitntlon of Civil Engineers, which we may pro- 
bably notice in an Appendix. 
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110. Returning to the boiler we have in hand, we may 
suppose the makers of it to be anxions to have as much 
heating surface as posgible, and therefore, contrary to the 
example in the last chapter, it is ordered to be placed on 
proper Beating bricks, which only take up 4^ inches of each 
wde of the bottom surface — leaving a clear width for the 
fiimace and flame bed of 6 feet 3 inches j and if the bottom 
be arched 12 inches, the under surface will measure about 
6'8 feet broad, by 17 feet long, or 115'6 square feet. Such 
a boiler has frequently 4^ feet depth of water, and the flues 
being covered-in 2 inches below the water line, gives 4^ 
feet for the height of the side surface, half of which only 
being eflective heating surface, we have 2*166x34^73*6 
for the effective beating surface of the sides. The surface at 
the two ends may be taken each at 3j feet deep, by 6 feet 4 
inches wide, or 3J x6"33=22-16, from which deduct J of 
6i, or ■75x6J=4-87 for the brick arch over tlio fire-door, 
and it leaves 17'29 for the front end, one haJf of which is 
effective, or 8*64. From the surface at the back end deduct 
I of 4=3, for the take up wall, which leaves 19-166, half 
of it being effective, is =9'58 square feet These results 
collected are as follows: — 

Sq. Ft 

For the bottom surface =1I5'6 

Halfthe two sides 73-6 

Half the front end 8-6 

Half the back end 95 

Total effective surface 2073 

-7- by 9 23' square yards. 

The above boiler has 17x7=119 square feet of water 
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surface, and as it is supposed to bare six square feet pet horse 
power, it is equal to 119-:-6=:19'83, or nearly 20 horse 
power; if five square feet he allowed, then it is 119-^5= 
23'8, or nearly 24 horse power. 

111. As estimating the power of a wagon boiler by the 
superficial extent of water surface is the customary mode in 
this district, and is in reality the best, when the boiler is at 
work and an exact measure of the heating surface cannot be 
obtained, we shall here give the proper formula for effecting 
that purpose by the slide rule : — 

. I Gauge point, or sq. feet of water 1 "Width of boiler in 

I surface per horse power. feet. 

B I Length of boiler in feet. | Horse power. 

An example for the above boiler is as follows: — 

A I Gauge point=6 ] Width 7 feet 

Bl Length = 17 feet. | Answer 20 horse power. 

If we taie five square feet per horse for the gauge point, 
then it is — 

A I Gauge poiiit=5 [ Width 7 feet. 

B| Length = 17 feet. | Answer 24 horse power. 

My object in giving these examples is to assist in facili- 
tating the use of the slide rule among working mechanics, 
many of whom have complained to me, and justly, that the 
usual teachers of the use of this cheapest and best of calcu> 
lating uiaebines, begin by putting them into "dismals^ 
which is far too sleepy a system for men who have worked 
hard all day. 

112. Having digressed thus far, we shall also add a for- 
mula for estimating the power of a steam engine from the 
diameter of the cylinder, with any given number of circular 
inches area per horse power: — 
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f, j Gauge point, or circular inches I ^^^ ^^^ 

I area of piston per horse power. | *_ 

D~\ Ditto ] Diameter of Cylinder. 

Example : 

C [ Horsepower 18 | Gauge point=:27 

D I Diameter of Cylinder.. 22 in. | Ditto =27 

The intelligent mechanic will perceive that he can adopt 
any gauge point he likes best, or obtain one by measuring 
the diameter of the cylinder of any engine he approves of, 
by the same kind of operation. Suppose, for instance, that 
a Boulton and Watt 40 horse engine has a cylinder of .32^ 
inches in diameter, the gauge point is found as follows :— 

C { Gauge point=26 | Power =4 horses," 

D I Gauge point=26 { Diameter of Cylinder =32} inches. 

113. In gauging cylinders above 40 horse power, it will 
be found that 25 circular inches per horse will be more near 
the correct proportion, and in fact it is the es^eujt gauge 
point that ought to be used for all sizes of cylinders, and all 
kinds of steam engines whatever, provided, that they have an 
average effective pressure of six pounds per circular inch on 
the piston, the latter being supposed to move at the rate of 
220 feet per minute at the same time. 

An example for one of the large Preston engines before 
mentioned, (Art. 108,) is as follows : — 

C I Horse power 120 [ Gauge point 2ft 

D I Diameter of cylinder, 5ft inches | Gauge point 25 

Now if, instead of 220, the supposed speed, the above 
engine is really run at a velocity of 240 feet per minute, then 
■we have the following proportion: — 

A I As th. rapposal 8p.e<il!20 | ^"""j^'^^'ij'S;"'' """"^ 
B I Is to the real speed 240 j T° ''^\^„^^' ^'"" 



b, Google 



94 FOBM OP THE FIRE-ORATE. 

Again, if instead of the supposed pressure of six pounds, 
we ascertain by means of the indicator that an average ef- 
fective piesBure of nine pounds per circular inch is exerted 
thoughout the stroke ; then — 

1 I A ^L J d I So is the last found nominal 

A I Ailhesuppo«idpres.ure6 | ^^^^ power=131 

T) I T . .1. 1 n I To the correct indicated 

B I I. to the reJ prmtire... 9 | ^^^^ p„w„=196i. 



CM THE FOBM OF THE FIRE-OK&TE. 

114. If the boiler we are treating of had a fire-grate of 23 
square feet in area, or about ^ 23=4'8=:4 feet 9^ inches 

'square, it would be a good proportion for 23 horse power ; 
but boilers of this size have seldom less than 5 foot fire< 
bars, and the fire-grate being the full width between the side 
walls of the furnace, it would be 5x6j=3lJ square feet, 
and consequently to be in good proportion to the heating 
surface, it would require to be reduced nearly one-third. 
The easiest way of doing this is, to build up a false bridge 
in ft-ont of the ordinary fire-bridge, letting the bricks rest 
upon a cast iron plate, laid over the back end of the fire- 
bars. But when there is only one fire-door to the furnace, 
it is, generally, better to reduce the fire-grate also at the 
sides, (as is represented in fig. 10,) and leave it the proper 
square, or about 4 feet 9 inches each way. 

115. This leads us to the consideration of the best form 
for the fire-grate of a steam-engine boiler generally, which 
we may assume at once to be rectangular, firom the conveni- 
ence of having all the fire-bars cast iiom one pattern, and 
the easy replacing of those which get burnt out. Excepting 
for this circumstance, a circular grate would be preferable, 
as in that foim it would have the greatest vea, under the 
least perimeter; for although the fiimace is ordinarily sur- 
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rounded by bad conducting substances, yet it is imposdble 
but Bome smali part of the effect of the fiie must be lost in 
that way; it must, however, be exceedingly small, even 
where the external brick work is exposed to the open air. 

So small, indeed, is the "waste of fuel" irom the i^ove 
cause, that like the " saving of fiiel" by smoke burning, we 
have never been able to discover its amount. It is astonish- 
ing how many otherwise clever men have been led away 
with these two iailacies, both evidently aridng from the 
same source, namely, a prevailing disposition for the French 
or chemical theory of caloric ; or, in other words, a belief 
that all combustible substances contmn only a certain por- 
tion of caloric or heat, the whole of it being liberated when 
the combustible is entirely consumed. 

It was some years ago calculated, by the believers in the 
material theory, that by the then ordinary methods of com- 
bustion, about 85 per cent of the whole of the caloric was 
obtained ; how much of the remaining 15 per cent, has been 
saved by the numerous improvements of late years, we are 
left to guess at by an inspection of the patent list. At an; 
rate, this theory leaves very little encouragement for those 
who are taking much trouble to find out plans for saving 
fuel, more especially if, with this, we take into account a 
strange statement we lately met with in Dr. Urc's work on 
the cotton trade : it is to the effect that, in Manchester, the 
cost of fuel forms not more than one per cent, of the cost of 
spinning. 

116. Boilers with fire-boxes, or where the furnace is con- 
tained within the flue, as in marine boilers, are, of course, 
not affected by the supposed waste of heat above alluded to ; 
and, consequently, they are great favourites with some en- 
gineers. But even in these, where the furnace is nearly 
surrounded with water, there is an advantage in having the 
fire-gxate as nearly square as possible ; the fire being then 
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Id a more compact space than otherwise, it is easier to make 
a proper disposition of the fresh fuel, so as to prevent the 
latter from burning irregularly or in patches, as it is very apt 
to do in all cases, hut more particularly where the grate is 
much longer than wide, as in marine boilers. In some 
cases, where the draught is good and the fire thin, the lat- 
ter always hums away very rapidly at the back end of the 
Aunace, through which the air rushes violently, causing d 
peculiar roaring soimd in the chimney, well known to en- 
^nemen : the draught of air being then cooceotrated into a 
blast, causes the flame to act something like that from a 
blow -pipe, and most injuriously upon the boiler j it is, how- 
ever, well known to be good for burning smoke as well as 
boiler bottoms, for several patents have been taken out for 
improved smoke-burning furnaces, which essentially include 
this principle. 

117. From the above considerations, there can be no 
doubt that the best form for the fire-grate is when the 
length and width are equal; for it is well known that a 
square is that form of rectangle which has the greatest area 
under the least perimeter. But as we wish to make this 
work useful to the younger portion of the operative me- 
chanics, we shall here introduce a proof of this proposi- 
tion, different to that usually given in introductory works on 
the differential calculus, for the puipose of showing how the 
same result may be obtained, by a simple inspection of the 
lines on a carpenter's common slide-rule. 

To divide a line into two parts, bo that the area of the 
rectangle contained by them may be the greatest possible*. 

* Let a =: the line, ^ ^one of the parts, aod a— ^ =: the other part. 
Then xXa-~x^ the aiea of the rectangle, 

or, If — «i r= a nuutmuni. 
DiSfaFentiating we have adx — 2xdx = ; 
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Solution by the sUde rule. — Invert the slide, and set one 
on C, opposite the area of any rectangle on A ; say 16, for 
iiiBtance, as in tbe following example : — 

A i 2 3-2 4 5 8 10 16 

1 8 b 4 S-2 2 1-6 1 

Sums 10 8-2 8 8-2 10 11'6 17 

Here the two logarithmic lines, A and C, represent a 
Series of numhers, which are the sides of rectangles of the 
same area. Now we have nothing to do but add together, 
mentally, any two of these numbers, beginning at 1 and 16, 
and reading towards the leil hand, when we shall soon find, 
that i + i,oi8is the least sum that can be made, which is 
half the perimeter, and as 4 and 4 are two adjoining sides, 
the sides of the rectangle are, consequently, equal to each 
other: and consequently, also, equal to the square root of 
the area. 

In like manner take any other area, which is not a square 
number, and by trying it, it will always be found, that when 
the sum of two adjoining sides of any rectangular space ia 
the least possible, they are equal to each other. 

Let the area, for example, be SO, then the operation is as 
follows: 



A| 


S 


5-4 


10 


16 


30 


ol 

Sums 


6 

11 


Ml 
10'9i 


3 
13 


2 
17 


31 



hence, adx s Ixdi, 

Mid dividing both sidea by dx 

we have a =2 x; 

whence, f ^lo, 

oi the line must be bisected. Hence, of all rectangles having the same 

area, the square has the least perimeter. 

It may be remarked, that this solution, easy aa it is, is incorrectly given 
in Dr. Ritchie's " Principles of the Difierendal and Integral Colctdits," 
18S6, 
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Here vg find as befwe, that the square root of the area 
b'i^, is the side of the rectangle sought, as the sum of the 
two sides, (lO'Qi-,) or ^ the perimeter is the least possible; of 
course, the whole perimeter is also the least possible. 

EXAMPLE OF LARG^ BOILE& CONTINUED. 

118. Resuming the inrestigation of the proportions of 
the boiler under cousideratioo, (Ait. 110,) we shall fiud 
the area of tlie end of the semi-cylindrical top to be 
7'-t-2=24j (areolar feet, which x by the leugth 17, gives 
416j cylindrical feet, or (-r-27=) 15'425 cylindrical yards, 
or(x*7854)^12'll <^ic yards, which is steam room enough 
for 24 horse power. 

Then for the water room, we have the depth of the water 
4i feet, X by the width 7, which gives Sl^ square feet, from 
which deduct l-6th, or 5j for the sectional areas of the con- 
cavities at the sides and arched bottom, and it leaves 26^ for 
the area of the end of the water chamber. This x by the 
length of the boiler 17, gives 446^ cubic feet, or (-^-27—) 
16'52, or about 16^ cubic yards. As we have before shewn, 
that there ought never to be more than ten cubic yards of 
water for a twenty horse boiler, we have 6^ yards too many; 
requiring an additional consumption of 65 per cent, upon 
that portion of the fuel which is used for getting up the steam 
every morning, or after any other stoppages of the engine. 

119, Now as Ibere is more than the necessary quantity of 
heating surface, we might resort to the most direct method 
of reducing the quantity of water, by lowering the water 
surface, and gathering in the brick-work of the fines a little 
lower down, as mentioned in the case of the small boiler in 
the last chapter (art. 99). But this plan is objectionable on 
two accounts ; one is, tbat the upper part of the side surface 
is Uie best part of it, and nearly equal in effect to some por- 
tions of the bottom ; therefore it is generally advisable not to 
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cover in the nde flues lower down tlian just below the riveto 
of {be straps which hold the upper cross slays of the boiler, 
as is shewn in fig. 10. 

The other cause of objection is not so self-erident, al- 
though is its effects it is of a much more serious kind, and 
has as yet been very little attended to. As, however, the 
question it gives rise to, is intimately connected with the 
osoal construction of marine boilers and the important sub- 
ject of steam navigation in long voyf^es, we shall go into 
the consideration of it at some length. 

FOBITtON OP THE HEATING 8UBFACE. 

120. When the upper or more effective portion of the con- 
cave sides of a wagon boiler is partially covered with the 
brick-work, of course the flame or heated air and smoke is 
then compelled to act more upon the lower part of the sides, 
where from the inclined position of the latter, the flame 
being in some measure above the heating surface, a very 
feeble effect is consequently produced in generating steam ; 
—and where under those circumstance the boiler is shorter 
than usual, so that flame of considerable intensity passes 
into the flue, it is always found that the iron in this particu- 
lar part of the side surface bums away very rapidly. 

The principal cause concerned in producing these injurious 
effects, is the well known bad conducting power of water, 
which renders it so extremely difficult to propagate heat 
through it dovrntoards; but whenever the heat is sufllcient in 
such a case to cause any steam at all to be generated at this 
particular part of the heating surface, such steam is then so 
confined, that in its egress, as it endeavours to escape upwards 
to the steam chamber, it is obliged to pass between the 
water and the internal or convex sides of the boiler, thus for 
a time preventing the immediate contact of the water with 
the heated iron plates composing the sides of the water 
chamber, thereby causing those plates to acquire an undue 

H ^ 
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temperature and become gradaally deteriorated, or, as it is 
called, " bunit out." 

121. There cannot bo the least doubt, that particular por- 
tions of injudiciously C(mstmcled boilers, very frequently 
become nearly red hot, from causes which operate similarly 
to the above, and consequently become so weakened as 
sometimes to cause the boilers to buret. And this opinion 
is strengthened, if not confirmed, by the fact, that there are 
many cases of explosions of wagon boilers recorded, in 
which the principal lines of firactiu-e were nearly in a horizon- 
tal direction along each side of the lower part of the boiler, 
and such as would evidently be produced from the' effect 
supposed. Such was the case in the extensively fatal ex* 
plosion which occurred at Messrs. Goodier and Co.'s Cal- 
lender House, near the Manchester Exchange, on the 22nd 
of March, 1832, at wfaicli the author was present, or 
at least within a few minutes of (both before and after) 
the ^me of the explosion taking place, and who took 
con»derable pains in examining the peculiar effects pro- 
duced ; one of which was, that, although the two ends and 
all the upper part of the boiler were separated into several 
portions by veiy irregular fractures, and those portions were 
violently twisted and contorted in all imaginable directions, 
yet the bottom was completely separated from the body of 
the boiler by two nearly horizontal Iractures, extending from 
end to end along each side, near the upper part of the seat- 
ing plates, or just below the lower tier of cross stays. (See 
fig. 7.) 

122. In some wagon boilers that had more than sufficient 
of beating surface, we have occadonally recommended that 
tliose parts which are liable to be injured from the causes above 
pointed out, should be covered with brick-work, and when 
BO done, it has not been found that any sensible diminution 
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in evaporating power, or in economy of fuel, has been pro- 
duced by it, while the saving in the durability of the boiler 
must be evident. Indeed it is deserving of consideration 
whether or not all those portions of the heating surface that 
are exposed to the downward action of the flame ought not, 
as a matter of safety, to be covered in a similar way. 

The bottom plates of the inside flues, for instance, are ea- 
pecially liable to be speedily destroyed from this cause, 
which accounts for the fact that the nearly fiat bottom plates 
of rectangular or large oval flues usually give way before the 
lop plates, by what is called a collapse of the flue up- 
wards, and which so much puzzled ifae London engineers in 
the case of the Victoria steamer last year, the two fatal ex- 
plosions which took place in her being evidently partly pro- 
duced by this cause. We have frequently had occasion to 
witness a partial bursting or giving way of the internal flues 
of boilers of factory engines in a precisely similar muiner to 
that which caused the Vict(ma accidents, and where no- 
thing but the judicious use of low, instead of bigb pressure 
steam, prevented the most dreadtul consequences ensuing. 
As a preventive of this evil, we would strongly recommend 
coining the bottoms of the internal flues with Parker's or 
Scott's cement*, or any other bad conducting substance of 
a like nature, a practice which has been recently introduced 



* The " Anti-corrosive Iron Cement" is a peculiar composition now 
much used foi steam-pipe joints, and all the other purposes for which 
the ordinary iron cement is applicable. It is manufactured by Mr. John 
Scott, of Monkwearmouth, Durham. It has been long used with great 
success in the form of a thick pajnt for preventing what are termed blows 
or leaks in high pressure boilers ; it has the property of hardening under 
water, and when once hard, no art can soften it again ; and it is much 
preferable to the Roman cement, for the purpose stated. It is sold in 
Lancashire by Malilieu and Leea, ironbiongers, Manchester. 
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with great SQCcess, by Mr. Dinnea, in some of the govern- 
ment steam vessels ; for an account of which see his paper io 
the appendis to Tredgold. 

1S3. The fact of the inclined sides of boilers over which 
the flame may occasionally pass, soon becoming burnt out, 
is so well known to boiler makers, as well as to the more ob- 
servant of the owners of boilers, as to induce a sospicion 
with some, that the > effect of the action of the fire against 
any portion of the heating surface in producing steam, is 
nearly in an inverse ratio to its effect in bnming away the 
iron. Without agreeing to this in its fullest extent, it may 
be stated, that facts are sometimes adduced which add not 
a little to the plausibility of the hypothesis. One of the 
most common is, that, if we heap live coals upon the top 
only of a boiler, we may urge the fire as much as we please, 
but it will be a very long time before the water is made to 
boil, although we may very soon bum a hole in the boiler. 

There are, be^des, many other equally well-known facts to 
^s effect, and which are usually adduced as illustrative of 
the very slow conducting power of water for heat. So very 
dowly, indeed, does water conduct heat, that the celebrated 
Coimt Rumford held the opinion that it was a perfect non- 
conductor; this opinion, however, was proved to be erro- 
neous by some well conducted and decisive experiments of 
Dr. Dalton's, in 1799*. 

124. Although Water is so very bad a conductor of heat in 
the manner of solids, or from particle to particle; — it is, 
however, well known to be an excellent carrier of heat ; 
that is, each particle of the fluid, as soon as its temperature 

• Vide Manchester " Memoirs," Vol. V. Pt. 2. 
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becomes elerated by contact with the heating material, sud- 
denly liseB to tbe surface of the water, and is there dispersed 
in vapour. The velocity of each heated particle of course 
increases with the increased temperature of the heating sur- 
face, until ebullition commences, — at which time the forma- 
tion of steam also commences at tbe bottom of the boiler, — 
and then tbe velocity of (he heated particles upwards is the 
greatest possible. At this period of the process, the beat is 
the most rapidly abstracted ftom tbe beating surface ; and 
when the bubbles of steam rise perpendicularly from thatsuT' 
face, tbe position of things is then evidently such as to conduce 
the most favourably for tbe cooler particles of water rapidly and 
successively taking the places of tbe heated ones, as the lat- 
ter are driven off in (he shape of steam ; thus tending to keep 
the metal of the boiler bottom (or any other horizontal por- 
tion of the healing surface) cool, or at most not hot(er than 
the water itaelf when boiling. 

135. There is a certain paradoxical experiment, probably 
iamiliar to most persons, which may be mentioned here, as 
being in some measure illustrative of the tendency of boiling 
water (o keep the bottom at a lower temperature than any 
other portion of tbe boiler that is equally exposed to the fire; 
and also because tbe peculiar phenomena involved in it, have 
not, that we are aware of, yet received any adequate ex- 
planation, or that they admit of any, except upon the princi- 
ple of longitudinal conduction ; a subject of which we are 
about to treat in the next section. 

The experiment alluded to is, alter causing water to boil 
briskly in a common tea-kettle which has some considerable 
substance of metal, and while it is yet boiling, to take tbe 
latter from the fire and place it immediately upon the naked 
hand, where it may be retained with impunity for several 
seconds, or so long as the water continues to boil, the bottom 
of the kettie, during tbe time, not bojng at higher tempera- 
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ture than that of blood heat, while the sides and top, and 
sometimes the handle as well, (as is well known,) will be too 
hot to admit of being touched ; the sides in particular 
being connderably above the boiling point, and to which 
the temperature of the bottom very soon approaches after 
ebullition ceases, but not until then. 

ON HABJHB BOILBBS. 

126. The extent of the heating turface in boilers, like the 
extent of the cooling surface in condensers, has engrossed so 
much of the attention of patentees and en^eers for se- 
veral years, that it seems to have had the Injurioos effect of 
preventing sufficient attention being paid to other matters 
equatly important; and amongst the most important of those 
things that appear to have been thus unaccountably over- 
looked, is the position of the heating surface, the effects of 
which we have endeavoured to iUostrate in the preceding ar- 
ticles. To marine boilers, which have the greatest portion 
of their heating surface, to general, vertical, the above re- 
marks have especial reference. The veiy rapid destruction 
of those boilers, particularly in the sides of the furnaces, is a 
matter of notoriety, and we axe conrinced that a great por- 
tion of it is owing to the cause we hare stated above, which 
opinion has just received a farther confirmation by the re- 
cently published experience of Mr. J. Dinnen, assistant-en- 
fpneer in H. M. Dock-yard, Woolwich*. 

127. From the above-named gentieman's paper, which is 
one of singular excellence in all that relates to the practical 
details of this most essentially practical subject, we gather, 
that he is almost inclined to despair of thoroughly obviating 



* Published as an appendix to the second edition of Tredgold on the 
Steam Engine. Weale, London, 183B, 
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the evils to which marine boilers are subject in very long 
voyages, nnlesB b; having recourse to either distilled water, 
or copper boilers, or to both. But that there is no absolute 
necessity for resorting, in all cases, to either of those very 
expenrave, although generally acknowledged efficient reme- 
dies, it might now be conudered sufficient |mx>f to point to 
the Great Western and the Royal William steam>sbips, both 
of them having performed several transatlantic voyages with 
iron boilers, in the most successful manner; and in both 
cases, we ate assured, without the slightest injury being sna- 
tuned from deposit or incrustation. 

This trimnphant result, in the instance of the first named 
vess^, is to be ascribed principally to an ingeniously arranged 
plan of Mr. Field^s, for continually drawing off a portion of 
the salt water, by means of what are called change-water- 
pumps, and without the loss of heat; combined with an ap- 
parently highly judicious system of management. In the 
other vessel, the attainment of the same result may be fairly 
attributed to the peculiar form of the flimaces and flues ; and 
the consequent position of the faeaUng surfaces, which com- 
pose those portions of the boilers ; although accompanied 
with nothing more than the common system of occasionally 
blowing oat the boilers in the ordinary way. 

On the other hand, the Sinus steam-ship, although pro- 
vided with Mr. Samuel Hall's patent condensers for supply- 
ing the boilers with distilled water, did not venture upon a 
second transatlantic voyage. This fact is not stated here 
with any view of in the least depreciating the distilled water 
system, as a means of keeping the boilers free from incrusta- 
Uon, — its efficacy in that respect, of course, being indisput- 
able; bat it would appear that the very small advantage that 
can be obtained by it, over the plan of Mr. Reld for effect- 
ing the same purpose, or even over the ordinary system of 
blowing out, is at most not yet proved to be worth the ex- 
pense; whatever may be expected to be proved in the case 
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of the Bridsh Queen, wbich vessel is understood to be pre- 
paring to work upon HaU's system *. 

128. Independent of the abore practical argument, there 
are also sufficient reasons for coming to similar conclasions 
in respect of copper boil^g, if we examine a few of the fiicts 
broaght forward by Mr. Dinnen ; who, after stating his fears 
" that nothing but the use of dislilled water will ever tho- 
roughly obviate the evils to which marine boilers are subject 
on very long voyages, although at the end oijioe or six 
years in active employ a copper boiler may not be liable to 
injury, if properly attended to; while it is notorious that the 
fireplaces of iron boilers of similar construction employed 
between Falmouth and Corfu, require repair almost at the 
conelu^on of every voyaged He adds that " the African 
(government steamer, with copper boilers) was three years 
employed before it was deemed necessary to detach the 
scales." Further on, however, it appears that " in the sixth 
year the vessel being actively employed in the Mediterranean, 
the boilers were scaled about once in three months, the num- 
ber of entire days at sea in that time being sixty or seventy." 
(See page 9 of Tredgold's Appendix.) In another place. 



* As a apedmen of the extravagant expectations of some of our 
northern neighbours respecting this TCBsel, we may quote the following 
passage from a review in Tail's Edbiburgh Magaidne for Octoher, 1838, 
of 3 recently published popular little work on the steam engioe by Mr. 
Hugo Reid. 

" One superb example of a grand engine b about to be placed by Mr. 
Kobett Napier in the Bbitibh Qoeen. May the gods be propitious I 
Mr. Napier will succeed, if mechanist now can, and there is no hazard, 
except in relation to the strength of the castings. He tvUI tttcoeed — and 
we do not despair that before he closes his grand terrestrial vocation of 
making steam engines, he will have furnished a ship for the Australian 
trade in length at leatt a quarter of a mile.'" 
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(page 17,) Mr. DinnMi infonns us that '* the crowns <if the 
furnaces, whether of iron or copper, never decay, and rarely 
alter their figure, if arched, unless the water is allowed to de- 
scend below them." 

Now a Tery little consideration of the above facts, together 
with those before mentioned, relating to land boilers, will be 
found to be quite sufficient to account for the veiy great 
disproportion (under ordinary circumstances) in the dora- 
bility of copper boilers over those of iron. 

129. There can scarcely be a doubt in the mind of any 
practical man, who is not predetermined to attribute every 
thing he does not understand to some mysterious chemical 
agency, rather than seek its cause in any common sense ex- 
planation of plain matters of fact, that the principal cause 
of the premature destruction of marine boilers, whether of 
iron or copper, (independently of that arising irom deposits,) 
must be looked for in (he imperfect access of the water to the 
nearly vertical sides of the luraaces and flues owing to the 
partial interposition of the rising bubbles of steam as in the 
nearly analogous case of land boilers (art. 120), And more 
particularly if to (his be added the probability of the steam 
being fi^uently partially confined or "locked" by various 
little prcgectJons in the water ways, such as the straps to 
which the stays are bolted, or by injudiciously placed seams 
of rivets. 

That boilers made of copper are not subject to have the 
sides of their furnaces burnt out so rapidly as those of iron, 
setting aside the acknowledged advantage possessed by the 
former metal, owing to its peculiar constitution or manufe^- 
ture, arises principally, if not solely, to its superior conduct- 
ing power over iron, it being nearly as three to one. Heat 
being in both cases conducted longitudinally upwards, 
through the body of the metal of the vertical side plates of 
the furnace, to the crown or liorizontal portion of the top 
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of the famace flue, where, from tlie circumBtances stated in 
the last section, (art. 124,] this heat is the most rapidly ab- 
stracted by the water. Although this longitudinal conduc- 
tion of the heat is, of course, carried on by iron in precisely 
the same manner as by copper, yet it is to a much less 
amount or degree in the same time; — hence heat must be 
frequently unduly accumulated in the side plates of the 
iron famace, and the increased temperature thus acquired 
by the metal, of course produces its natural consequence, an 
increased formation or incrustation of sulphate of lime* in 
the water ways, which again reacts as a producing cause for 
still greater accumulations of deposit, by preventing the con- 
tact of the water with the iron, this again tending to raise 
the temperature of the metal still higher, and thus the evil 
goes on reproducing itself in a rapidly accelerated ratio, 
until at last the plates " give out ;" and then, owing to the 
laminated structnreof the iron, the mischief is soon evidenced 
by bUsters and cracks, denoting permanent injury, and ren- 
dering the immediate removal of the burnt plates inevitable. 

130. In land boilers with fire boxes, it is uniformly 
found, that a thin fire, and the coal uniformly supplied by 
the firing machine, is highly conducive to the preservation 
of the metal sides of the furnace, besides being much more 
efficacious in producing steam and economy of fuel, provided 



* Of the &ct of the incrusfation oXnlphate of lime being great);* pro- 
moted by an increased temperature of the plates, we have had the most 
satisfactory evidence, although a thorough understanding of the exact 
modut operandi seems yet to be wanting amongst engineers. It has been 
su^ested as probable, that the decompoaition of the ordinary deposits of 
.carbonate of lime is assisted by contact with the overheated plates where 
the sulphate is gradually fbrmed, as the sulphuric acid which may b^ 
present gradually acquires a sufficient degree of conceuUation for that 
purpose. 
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that the fiie grate is elevated proportionately nearer to the 
boiler bottom; which latter condition wonid appear to in- 
volve a paradox, as the heating surface adjacent to the fire 
is thereby actually diminished, but for the solution which 
the above theory of longitudinal conduction affords us. 

Some comparatively coincident facts in relation to this 
matter have been observed by Mr. Dinnen, who has lately 
informed us that it has been found in some marine boilers, 
that raising the far end of the grate bars, has not only been 
attended with greater economy of fuel, but the sides are 
found to sustain less injury in the same Ume, the latter effect 
of course being attributable to there being a less depth of the 
side plates of the ftimace presented to the bumiug fuel, and 
therefore a less amount of heat required to be carried off by 
loDgitudioal conduction upwards. 

THBOHY OF LONGITUDINAL CONDUCTION. 

131. Now as to the amount or proportion of the heat con- 
ducted upwards from the side plates to the crown, in an iron 
boiler as compared to one of copper, those who have attended 
to the cooling of metals by contact will perceive that it must 
be very considerably less than we might expect from the 
numbers expressing the simple ratio of the conducting 
powers of the two metals. 

To render this more evident, it is necessary, in the first 
place, to consider that the temperature of the metal of the 
crown plates of the furnace, considered separately from the 
sides, must have a tendency to rise in a ratio inversely pro- 
portional to the rapidity with which the heat is transferred 
through the plates to the water, or inversely as the conducting 
power of the metal of which they are composed. In the next 
place, we know that the heat from the burning fuel in imme- 
diate contact with the lower part of the side plates (always 
excepting such portion of it as may be transferred laterally 
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to tbe water between the furnacee) must be conducted longi< 
tadinally upwards by the metal of the side plates to that of 
the crown, in the ratio of some power of the difference of 
temperature betttKen the crown and the sides, — tbe tempera- 
tore of the latter having a tendeoicy to rise inversely in this 
ratio. Consequently the total effect of the undue action of 
the £re agunst the side plates of the furnace must be as the 
above two ratios conjointly. 

13S. In illustration of the above reasoning, we may sup- 
pose that the excess of temperature superinduced ^by the 
undue action of the fire upon the metal, is exactly inversely 
as its conducting power; while the tranamission of heat 
from tbe sides to the crown is exactly as the square of the 
same ; then, the total effect upon the sides will be inversely 
as the cube of the conducting power of the metal. For 
example ; if the conducting power of copper be to that of 
iron as 3 to 1, then tbe undue action of the fire against the 
side plates, wben of the latter metal, as compared to those of 
the former, will be as 3* : 1, or as 27 to 1, and the durability 
of the copper over the iron would be in that proportion. 

Tbe proportions used in this example are not given even 
as approximations to those they are meant to represent, for 
it is believed that their actual values are such as would give 
a much lower result, but which have not yet been sufficiently ' 
determined by experiment ; and they are only used here for 
the purpose of giving a more popular view of our general 
theory of the manner in which the sides of an iron steam- 
engine fiunace are so excessively acted on as compared to 
those of a copper one. 

133. If an algebraical expressicm for the above theory be 
preferred, it is as follows : — 

1 1 
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where M lepresents the conducting power of the metal tor 
heat, T=the mean temperatnre of the side plates of the fur- 
nace, <=:that of the crown plates, and *=the index of some 
power of T— (, expressing the rate of cooling of a hot metal 
plate, with its edge in contact with one of a lower tempera- 
ture, to be determined by experiment. 

Now if the above be a correct expression for the total ac- 
tion of the fire against the sideB of the furnace, of course its 
reciprocal will fiimish us with an equation for the relative 
durability (d) of the side plates of iron, copper, or any other 
material that may be used in the construction of the fiir- 
naces of marine boilers of the usual form, that is, 

or d=M(T-t)'. 

Substituting the nominal proportions stated, namely M=3, 
and (T-t)'=S\ then rf=3'=a7, as before. This result, as 
it happens, is not very far irom the truth as regards the 
fire boses of locomotive endues, which may be taken as a 
good criterion in an investigation of this nature, they being 
free from those adventitious circumstances which are sup- 
posed to afiect marine boilers. 

134. The circumstances alluded to are, of course, those re< 
lating to the variable nature of the encrusted deposits formed 
within the boiler, firom which locomotives under ordinary 
management are entirely free. The peculiar effect of the 
coke upon the copper tubes formerly used in locomotive 
boilers, was produced almost entirely by the mechanical ac- 
tion or friction of the small particles of coke in their rapid 
passage through the tubes caused by the intensity of the 
blast, and is now completely obviated by Mr. Fife's admira- 
ble substitution o{ brass instead of copper. This mechani- 
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cal action, which proved so destructive in wearing out tbc 
copper tubes, does not, however, except perhaps in a veiy 
slight degree, affect the copper fire box itself, although there 
is reason to believe that the comnion gas coke which usually 
contains a portion of sulphur, has an injurious effect, but 
this kind of coke, which a misjndged economy alone tole- 
rated, is now entirely disused upon all well managed rail- 
ways. 

135. As the numbers used in the example in article 133, 
are so entirely empirical, it may be satis&ctory to examine 
the conditions of the problem with more accurate data. 
The conducting power of copper, in proportion to that of 
iron, is, according to the experiments of Depretz, qaoted by 
Dr. Lardner in bis treatise on heat, as 89*82 to 87'41, or as 
2'4 to 1. We may assume that the temperatare of the metal 
of the crown plates, when of copper, is not perceptibly 
greater than that of the water above it, which for low pres- 
sure steam firom fi-esh water we may call 215° Fah., or 
t^2l5 } and the temperature for iron will be one or two de- 
grees higher, according to the thickness of the metal and 
other circumstances. We may also make T four oi five de- 
grees higher than t, say 230*, or any other temperature 
which the copper may be able to hear without material in- 
jury, on the supposition that only a certain limited and 
small amount of heat passes through the side plates laterally 
to the water. When the sides of the furnace are of iron, 
their temperature will of course be the same as for copper, 
they being equally exposed to the contact of the burning 
fuel on the grate, provided that nearly all the heat derived is 
that way is carried off by longitudinal conduction, in the 
same manner, althongb at different rates, by both metals ; or, 
which amounts to the same thing in this investigation, on 
the supposition that the quantity of heat transmitted late- 
rally is equal in each case. 
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1S6. AccordiDg to the above we shall have — 

For coppCT . . . . rf = 2-4 (220-215)" = 2-4 (5)- 

{d = (220 - 516)" = 4" 
d = (220 — 217)" = ff" 
rf =(220 -218)"=: 2" 
accordingly as we assume the value of t for iron. 

Then if we make « =: 2 we have 2*4 X 5' = 2'4 x 25 = 
60 for the relative durability of copper j and for the relative 
durability 

{4' = 16 which is to 60 as 1 : 3*75 
3* = 9 . . . 1:6-6 
2' = 4 . . 1 ; 15 

137. Now as the highest of these calculated results (15 to 
1) is considerably less than the average result found in prac- 
tice, it would appear that the transmission of heat irom the 
side plates to the crown, tocreases in a higher rate than as 
the square of the difference of temperature, which is hardly 
probable ; otherwise we must fix the value of T a little 
lower, say at 219° instead of 220°, and in that case the value 
of d for copper will be 

2-4 X (219 — 215)' = 2-4 x 16 =: 38-4 
And for iron : 

(219 — 216)' = 9, which is to 38-4, as 1 : 4*26 
(219 - 217)' = 4, . as 1 : 9-6 

(219 — 218)' =1, . . . as 1 ; 38'4 

138. In marine boilers, the average temperature of clean 
salt water under a pressure of two to three pounds on the 
square inch is 222*, and supposing the difference of tem- 
perature between the sides and the crown to be ike same as 
before, namely 4*, the resnlt as stated above will stiU follow 
exactly ; the formula in that case being expressed by 

d = 2-4 (226 — 222)' = 2*4 (4)' = 38-4 for copper as before. 
It ought to be stated that, from the circumstance of certun 
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boilers producing steam very rapidly, which are almost en- 
tirely composed of side surface, (amongst which we may 
mention the boilers of Hancock's steam carriages, also those 
of Chanter and Co.'s patent, and for marine pmrposes, Col- 
lier's patent boilers,) it is probable that the ratio of trans- 
mission upwards should be assumed rather under the square 
of the difference of temperature as already surmised (art. 
137) ; this, in fact, being quite hypothetical, and only sug- 
gested by the remote analogy of water flowing through a 
pipe communicating with two cisterns under different heads 
of pressure. 

Therefore, in the absence of direct experiment, we may 
suppose n = 1| instead of 2 ; then will 

rf = M (T - * 
which will give 27"12 for copper. 

Hence, if the above law of conduction is correct, we see 
what a great effect is produced by a very small difference in 
the conducting power of the metal. For we have only to 
suppose the crown of the furnace of an iron marine boiler to 
acquire a temperature of no more than 3 degrees higher than 
that of a copper, and the sides of each to be only one degree 
higher than that temperature, to make a difference in durability 
in favour of the copper boiler in the proportion of 27 to one. 

139. The most obvious remedy for the evil effects pro- 
duced in iron boilers, which we have described above, is 
either to have as little side or verUcal surface, and as much 
horizontal heating surface as possible ; or othenvise, so to 
construct the furnaces and such of the flues as are likely to 
be much acted on by the fire and flame, that they may be a 
little narrower at the top or crown of the flue than lower 
down, thus causing a slight inclination of the sjde surface ■ 
toward the fire, and consequently allowing the steam to 
escape freely from the heating surface. The best example of 
this construction is perhaps in the ordinary land boilers of 
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Boulton aod Watt, particularly in that part of tbe inside flue 
called the uptake, a section of wbich is shewn in the annexed 
cut, where A B is the level of the surface of the water, and 



the vertical parallel lines, shew the direction tf^en by tbe rising 
bubbles of steam as tbey ascend from the beating surface. 

A striking contrast to Ibis is shewn in the ordinary uptake 
of a marine boiler, where the position of the heating surface 
is exactly tbe reverse of the above, as at B C in the follow- 
ing figure, the heating surface declining Jrom, instead of tn- 

Fig.9. 
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clinittg towards the fire, consequently the stegjn as it rise^ 
fiom thst portion of the flue, effectually prevents the proper 
access of the water to the heated metal, and consequently 
that part of the flue is usually found to decay very rapidly. 

EFFECT OF CALCAREOUS INCRUSTATIONS. 

140. It has heen long known to operaUve engineers and 
boiler makers, who have sufficient knowledge of their busi- 
ness not to be led astray by the plausible representations of 
interested patentees and quack speculators in new inventions, 
that so far as Uie durability of the sides of the furnaces is 
concerned, and it is only in that respect that any advantage 
can be claimed even for copper boilers, the adoption either 
of the latter or of any system of cleaning out or of prevent- 
ing incrustation, instead of attending to the proper form and 
construction of the furnaces and flues, are at the best but pal- 
liations of the evils they are intended to remedy. The formar 
tion and induration of thick scales of sulphate of lime being, 
as we have before shewn, (Art. 129,) quite as much a con- 
tequence as & cause of the overheating of the side plates of 
the flues. 

141. The precipitation of carbonate of lime in boilers, of 
course goes on more or less at all temperatures, and this sub- 
stance is indiflerently disposed to deposit itself upon all ihe 
parts immersed, particularly at those times when the water 
is comparatively still ; but whenever the water boils, the de- 
posit is driven away fi:om, or rather prevented settling upon 
those parts of the heating surface where the ebullition is the 
most violent, and where the steam is principally generated. 
Hence, wherever this deposit is found to accumulate, it 
always indicates either a deficient circulation of the water, . 
or a diminished production of steam in those particular 
parts of the boiler. This is a well ascertained fact, and on 
this principle was founded Mr. Anthony Scott's patent me- 
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thod of preventing deposits by collecting tfaem into various 
receptacles properly placed within the boiler. 

142. With respect to the sulphate of lime, it acts rather 
differently to the carbonate, and attaches itself firmly to the 
hottest parts of the boiler, apparently independently of the 
circulation, and as we have already observed, is probably 
formed subsequently to the deposition of the latter, tt is 
also found to have a great tendency to adhere in stalactites 
to the rivet heads and other projections from the vertical 
sides of the flues, while on the crown it merely forms a thin 
skin, which is found to he rather beneficial than otherwise, 
more particularly in the case of copper boilers. 

That the sulphate of lime forms only upon those portions 
of the boiler that are unduly heated, admits of being easUy 
proved by experiment. We have watched the progress of its 
formation, fi^m week end to week end, in several land boilers, 
and have also frequently found boilers to work for years with- 
out the least trace of the sulphate of lime ; but when it has 
happened that, firom some circumstance or other, the fires 
have required to be pushed, or the draught has been im- 
proved, the formation of this kind of incrustation has imme- 
diately commenced, although the water used continued to be 
identically the same as before. This effect of the increased 
heat is proved by the gradual induration of the carbonate, 
and eventual production of the sulphate, at first only upon 
those parts where the fire acts with tiie ^eatest intensity. 
It is this incrustation of sulphate of lime which adheres to 
the iron with so much tenacity, and which occasions so much 
trouble in its removal ; that consisting of the carbonate of 
lime being more easily scraped off, or prevented firom accu- 
mulating to any injurious extent by other means, which we 
shall point out in another chapter. 

143. Several facts corroborative of the principal points 
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dwelt on in the above views appear to have been frequently 
met with during the experience of Mr. Dinnen, in the 
" African" steamer befere alluded to. It appears that this 
vessel was employed for several years principally in the Me- 
diterranean and on the Lisbon service, daring which Ume 
the boilers " were not in any way submitted to the operation 
of cleaning out till the expiration of the third year ; a very 
slight scale was then removed, leaving the sarface scaled 
precisely as when rolled." This is a remarkable result, al- 
thongh strictly in accordance with our own experience with 
land boilers ; and we quote it with the more pleasure as 
coming from a gentleman apparently imbued with a con- 
viction of tho necessity of attending to practical rather than 
theoretical considerations in all attempts to improve steam 
machinery. Indeed the whole of Mr. Dinnen's paper is 
highly deserving the most attentive consideration of every 
one connected with steam navigation ; while it is not a little 
curious as a contrast to the general speculative character of 
Tredgold's work, to which it is appended ; besides shewing 
a rare instance of any one connected with government, and 
we might almost add, with any large pnblic company, dis- 
carding the trammels of science, falsely so called, which 
would set bounds to the progress of invention and improve- 
ment by too frequentiy impeding, or counting too ligbtiy, 
the communication of results of a practical nature. 

ON REDUCINQ THK Ql'ANTITT OF WATER IN ORDER TO 
SAVE FUEL. 

144. The plan which the most readily suggests itself for 
diminishing the quantity of water in land boilers, without 
diminishing its depth, or lowering the water sur&ce, is 
that of putting an iron flue through the lower part of the 
boiler, and this is the most usual course recommended by 
boiler makers, as it gives an additional quantity of heating 
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surface ; but when, as is the case with the large boiler, which 
is the subject of this chapter, the latter is not needed, the 
putting in of a flue is hardly advisable, because it is attended 
with a great deal more trouble, and in the end is not much 
less expense than replacing the boiler with a new one, made 
with good proportions. 

There are many cases, however, such as where the pro- 
perty is held on a short lease, or from other circumstances, 
in which it may be desirable to avoid all alterations of an ex- 
pensive character, aud where some cheap plan must be 
adopted, if any. In those cases, the plan of placing filling- 
up blocks, or large pieces of any solid substance, such as 
iron, stone, wood, or any other material that is of sufficient 
bulk to be capable of displacing the surplus water, may be 
adopted with advantage. The articles used should be fixed 
upon a sort of platform, laid upon the internal stays of the 
boiler, and in such a manner as to be sufficiently clear of the 
bottom and sides of the water chamber, something like that 
represented in Figs. 10 and 11, page 126. 

.When we Jirst recommended the above plan of filling-up 
blocks, foF the purpose of saving fuel, it was immediately 
adopted at several large works, in various parts of the 
North of England. Nothing can be more simple and cheap, 
for it may literally be said to cost nothing, as almost any 
thing may be used that comes to hand ; tbcrefore we may 
easily suppose that it was frequently adopted without judg- 
ment or discrimination, and occasionally did more harm than 
good. In one case, where a quantity of timber was put into 
the boiler for Uiis purpose, we were informed that it bad the 
effect of preventing incrustation. Hollow water-tight vessels, 
like the portable-gas receivers, hate also been proposed for 
this purpose ; a modification of which was also proposed to 
tiie Directors of the Livei"pool and Manchester Railway, as a 
means of regulating the height of the water in the locomotives, 
independently of the action of the force-pumps, but which the 
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subsequent inrention of the multiflue boiler, by Mi. Booth, 
rendered inap[^cabie. 

I4&. The late Mr. Robert Stephenson, so well known for 
his various inventions in steam and railway engineering, was 
BO convinced of the necessity of generally diminishing the ca- 
pacity of the water chamber, and also of the inutility of using 
internal flues as heating surface, that he had some largeboilers 
made with what be called " blank flues," that is, with one 
end of the flue stopped up, so as to prevent the fire from 
passing through. These flues, or rather tubes, were princi- 
pally intended for the purpose of displacing the water; bat 
certainly the best, as well as the cheapest way of doing this, 
is to have solid slabs, or blocks of stone or brick, boilt into a 
sort of rough wall, upon iron bars resting upon the lower tier 
of stays, and leaving plenty of room all round for cleaning or 
repairing the boiler. 

When this plan is used with judgment, a considerable 
saving of iuel is the never-failing result And it is also pos- 
sible that these fl11ing-i^ blocks may have a beneficial efiect 
in respect of the evaporating power of the boiler, inde- 
pendently of the effect arising Irom the displacement of the 
water, and which may be likened to that of the fly wheel on the 
engine, by becoming a sort of reservoir of power, or regulator 
to the evaporating power of the boiler. This effect is espe- 
cially observable when compared to the irregular action of a 
boiler with an inside flue, and fired by hand, the steam being 
liable to vary very considerably in the latter every Ume ihe 
fnmace door is opened to supply fresh fiiel. 



EXPERIMENTS WITH SEDIMENT COLLECTORS. 

146. We were first impressed with the importance of at- 
tending to the above particulars, some years ago, when 
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engaged id trying what amount of saving of iiiel was to be 
obtained by UBing Air. Anthony Scott's patent method of pre- 
venting boilers becoming foul, which was alleged by bim to 
be ten per cent. This plan, whicb we shall afterwards have 
occasion to refer to, was, to place within the water of the 
boiler a number of veBsels, of various kinds, chiefiy earthen 
pots, for collecting the sediment, and usually as many as oc- 
cupied &om one third to one half of the water space. At the 
request of the patentee, we had his invention put to the se- 
verest tests, and for that purpose bad the sediment collectors 
placed in a great number of boilers, and the reeulta, on an 
average, fully bore out his statements. But on tabulating 
those results, for the purpose of making out a report of six 
months' experiments, a great discrepancy was observed in 
the proportion of saving at different boilers, although two of 
them, at which a great difference was found, were using the 
same kind of water, and alternately working the same engine; 
in fact, while the saving at one boiler was only 6 to 6 per 
cent., that at the other was about 12. The cause was im- 
mediately evident, for the first-mentioned boiler had a flue 
inside, which occupied a considerable portion of the water 
room, and had been previously rather the most economical of 
the two, but the collectors turned the advantage in favour of 
the other. To set the matter beyond dispute, the collectors 
were placed in several boilers in which the water was quite 
pure and clean, and always with a simUar result as to saving 
fuel, although not to so great an amount Wherever the pots 
were used, the steam was uniformly sooner got up, and with 
less fuel ; in this, the effect resembled that of a flue boiler, 
but, unlike what is usually observed in tlie latter, the steam 
was not BO soon down again, and was consequently more 
steady and easy to manage. 

Notwithstanding the above evident advantages, the pots 
have ^len a good deal into disuse, partly from the trouble 
they give the workmen in occasionally emptying them, and 
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partly because other methods of beeping the boilers clean 
have been unce invented. 

147. In spealfiDg of what have beea called " vested in- 
terests," (existing patents,) it is perhaps always necessary lo 
guard against being misunderstood, as one reviewer at least 
construed the above paragraph, as printed in the first edition 
of this work, into a " very decidedly unfavourable opinion" 
of Mr. Scott's patent collectors, but which, as will now be 
seen, is very far from being the case. It is certainly true, 
that the earthen collectors or pots have been in a great mea- 
sure superseded by a different mode of application to that at 
first recommended by the patentee, but the principle of the 
invention has been iu no way departed from. This expla- 
nation is in justice due to Mr. Scott, as his invention has 
been the germ of several other contrivances, either for effect- 
ing the same object, or in some way connected with the inv- 
pTOvement of the steam-engine boiler. 

Although the above apparalns has now been improved 
into a very different looking thing to what it was when first 
introduced, yet it was then a very great improvement in the 
economy of the steam-engine, and it is still very extensively 
used in its original state. We have reason to believe that it 
is so used in many hundreds of boilers without the patentee 
receiving any remuneration whatever for it; which is owing 
in a great measure to the cheapness and simplicity of the ap- 
paratus, and the ease with which a knowledge of its being 
used can be prevented transpiring, and therefore payment 
evaded, it being entirely confined within the boiler, and con- 
sequently out of sight. We know several instances, both in 
Lancashire and Yorkshire, where otlieT patents as well as 
this are constantly infringed under similar circumstances. 
In Manchester we know one singnlar individual who used 
the patent collectors in bis boilers a number of years, and 
always refused to pay, on the ground of their simplicity 
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and cheapness, argning that a patent for an apparatus could 
not be good when the latter had no appearance of ingenuity 
or machinery about it ; or, to use his own words, " there 
was nothing scientific about it, it was so obvious, that ant/ 
one tnight have thought of it, and therefore he had a right to 
use it without paying for it, and advised others to do the 
same." Now, it is a fact, that atler the proprietors of this 
patent at great labour, Btndy, and expense, succeeded in im- 
proving the apparatns, so as lo make it in some measure self- 
acting, or, as Dr. Ure calls it, " automatic^ and consequently 
more like a machine, although more complicated, the very 
same gentleman (who by the by is not an Englishman) im- 
mediately adopted those improTements, but still refused to 
acknowledge the right of the inventor to recompense, on the 
legal groiuid, as he said, and he is a great authority in these 
matters, that the improvement invalidated the original patent. 

148. On the principle that example is better than precept, 
perhaps in law as well as in .mechanics, we have considered 
that the above digression may bave its use as a warning to 
those who have too much faith in the protection afforded by 
patents. Owing to our present infamous patent laws, most 
useful inventions are over-ridden and borne dovm by a host 
of imitators, and patent plagiarists, who, like other copyists, 
mostly copy best the worst parts of the picture, and who 
have done more perhaps to check the progress of improve- 
ment than all other causes put together, by a system of 
legalised robbery upon every inventor who may be induced 
to attempt in this way to reap a reward for his ingenuity 
and industry. Second only to this cause in discouraging 
invention, is the occasional conduct of that portion of the 
periodical press usually devoted to record the progress of 
science. While the editors of some of those works confine 
their lucubrations' to scientific and literary matters alone, 
they are in their proper sphere ; but all attempts to influence 
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public Opinion respecting new inTenttons in the multifarioos 
operations of practical mechanics by writers who, although 
calling themselves practical men, never perhaps handled a 
work tool of any kind in their lives, save a pen or a pair ef 
acissori, must, to say the least, be as injurious to the mmsh 
cried up interests of science as they manifestly are to those 
of honest industry. 

We acknowledge that the above remarks admit of na- 
merouB exceptions in their application ; bat notwithstanding 
those exceptions, and however respectable a criUc's attfun- 
ments may be in mechanical and chemical operations, as 
well as in literary and scientific knowledge, an unavoidable 
barrier must necessarily exist against the willing reception 
of new truths, in the minds of all those who are expected 
to write or say something upon subjects with which they 
may have a reputation of bemg familiar. Indeed, the higher 
the critic's scientific attainments, under snch circumstances, 
the more insuperable in general are his prejudices, aild the 
more impervious be is to the. conviction that there can be 
any " new thing under the sun." This feeling perhaps in 
some measure arises from the very nature of new inventions, 
they being essentially the discovery of new facts, or /acts not 
previously turned to antf, ugieful account bp others; conse- 
quently all new discoveries in the arts and sciences are, in 
reality, discoveries of the ignorance of others, and have ge- 
nerally a tendency to discompose, in the minds of some in- 
dividuals, the previous orderly mental arrangement of the 
subjects to which they relate ; such tendency being ap- 
parently the most sensibly felt in minds of the highest order 
in scientific research, Hence it is that we have frequently 
found amongst the would be aristocracy of science, the 
greatest enemies of the uneducated mechanic, whenever it 
has been the luck of the latter to bit upon a new inveution 
or make a new application of an old one. 
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ON CHECKING CIBCCLATION. 

149. There are two very evident and importaDt conclusioDS 
to be drawn from the experimentB with the pots ; one is, that 
an inside Jlue is of tm use in a hoUer, provided that the 
quantity of water is not greater than a certain proportion 
easily determinable, and that the area of heating surface is 
sufficient for the evaporation required : the other is, that the 
heat expended in giving circulation to a large body of water 
in a boiler, is so much heat wasted ; consequently, all ar- 
rangements in the construction of a boiler for the purpose of 
promoting a more rapid circulation of ike water, as a mass, 
must hare a tendency to waste fuel. To understand how 
this follows from the above experiments, we must bear in 
mind, that in using the pots, or other sediment vessels, the 
quantity of water in the boiler was not so very much less 
than ordinary, and, at any rate, not mote than the cubic 
space occupied by the materials of which the vessels were 
made, and they were made sometimes of thin sheet iron or 
tin plate, which is practically of no account; therefore, the 
effect stated is evidently due to the keeping out of circulation 
the large portion of the water contained in the internal 
vessels, the water in those vessels being of course always in 
a quiescent state, on the principle of the water bath, or bal- 
neum maris, of the older chemists, an arrangement which 
those of Boerhaave's time, considered would only convey one 
half the heat of the water in the external bath or boiler, to 
that contained in the internal vessel ; but in this, they said 
more than they knew to be true; the only material fact. is, 
that the water contained within the inner vessel never boils, 
however violently it may boil externally. 

150. The best confirmation of the truth of the above 
theory of circulation is that the vessels themselves generally 
had the effect of breaking or interrupting the circulation of 
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the water; and tbis effect was considerably iccreased by 
placing them in different positions, transversely across the 
boiler, when it was always found that they caused a propor- 
tionally greater saving in fuel, besides in some measure being 
a preventive of priming. For effecting the last mentioned 
object alone they are sUU occasionally used, but they are 
placed in the bcniers in an inverted position, and require to 
be kept down by weights or other means ; for this object, 
however, another form of vessel is preferred, as shown in 
figs. 10 and 11. 

ng.10. 



These vessels or rather blocks made with a concavity on 
tlie under side, and placed, as represented by ibe 1o\i'er row 
of articles A B, in fig. 11, and also in transverse section in 
fig. 10, are made of lire brick, of such a size as is just 
sufficient to go through the man-hole of the boiler, and as 
heavy as a man can lifl ; they are placed upon each other 
in the manner represented in the figures, with small spaces 
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left belween tbem. This arraugement of Teasels, or blocks, 
completely answers the purpose of preventing priming, unless 
the water is very dirty ; but when they are arranged longi- 
tudinally in rows, or in the direction in whicb the water 
circulates, the priming is thereby accelerated, as well as the 
circulation. These articles received the name of generators 
from their apparent use in assisting the generation of steam ; 
this appearance is very striking when a model of the ap- 
paratus is seen at work in a small glass boiler. 

Fig. 11. 



The apparatus was first publicly eiihibited in that way in 
Manchester, at the time of the opening of the Liverpool and 
Manchester Railway, and was witnessed by thousands o( 
persons ; there being no patent for it, of course it was ex- 
tensively adopted at the time ; but, like all new things, the 
principle of it was liable to be carried too far by many 
persons, especially by those who hold the opinion that tlier^ 
cannot be too little water in a boiler, provided that all the 
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heating surface is covered ; which caused the n-ater chambers 
of the boiters to be sometimes oearly filled with the fire-hrivk 
generatoTB, leaving only a small space or shell of water be- 
tween them and tiie sides of the boiler ; the consequence of 
which was, that the apparatus would keep up the steam for 
some time after the fire was pat out — a fact decidve of its 
economy in a theoretical point of view ; yet, owing to the 
waste of water, caused by the steam blowing away at the 
safety-valve during the night or after the engine had stopped, 
the generators were found to be troublesome in practice, 
which has ia a great measure caused their disuse. 

151. In consequence of the practical disadvantages of the 
nearly solid generators, we have siuce recommended targe 
vessels made of thin sheet iron, like gas holders, to be im- 
mersed in the water of the boilers in an inverted position, or 
mouth downwards, as in fig. 12, p. 129. Now when a ge- 
nerator is made in tiiis way, there is, of course, very little dis- 
placement of the water until the steam is up, when it becomes 
filled with steam, which forces the water out, and in that way 
it becomes a positive addition to the steam chamber, and is 
sometimes used as such ; but in order to save fuel, by dis- 
placing water during the first getting up of the steam, it re- 
quires to be used the other way up. The same vessel may 
be made to reverse, and thus answer both purposes, without 
going into the boiW. 

VABlATtON IM THE TEMPERATURE OF THE BOILING POINT. 

152. Some of the facts concerned in the foregoing ex- 
periments are curious, and when first observed apt to lead to 
paradoxical conclusions, which have been the cause of some 
conflision in the statements made respecting them by some 
of our ablest chemists. The subject haviug a practical as 
well as a philosophical bearing, inasmuch as it materially 
afiects the proper adjustment of thermometers, and is, on 
other accoanU, which we shall have afterwards to revert to 
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closely connected with the subject of explosions, we sfaall 
endeavour to give such an explanation of what we conceive 
to be the true theory of it as will be of ea^ application by 
workmen and others concerned in constructing boilers. And 
although this is the first time that the following observations 
have been published, they are in substance exactly the same 
as we have frequently given verbally to several scientific 
gentlemen and eminent engineers in Manchester, Liverpool, 
London and other places, including Dr. Dalton, Dr. Lardner, 
Mr. John Farey, Mr. Partington, Mr. Adcock, and many 
others. 

If in a common steam-engine boiler we fix a vessel of any 
kind inverted, or mouth downwards, as in fig. IS, we shall 
find that as soon as the water commences to boil, the inverted 
vessel becomes filled with steam which forces the water out, 
and the vessel then forms what may be called a steam 
chamber below the surface of the water, but holding steam of 
greater pressure, and consequently of a higher temperature, 
than that contained in the ordinary steam chamber a£ove the 
surface of the water, by as many degrees as corresponds to 
the greater height of the column of water supported by the 
former. 



Fig. 12. 
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153. Now for all purposes of theoretical comparison, this 
inverted vessel or submerged steam chamber, or geoerator, 
or whatever it jnaj be called, may be considered as the 
steam chamber of a separate boiler, and the pressure of the 
steam within it may be calculated from the depth to which 
it is submerged. For example ; suppose the top of the 
column of water A in the feed-pipe of the boiler (fig. 13) to 
be three feet above the surfece of the water in the boiler, 
the pressure of the steam which eupports it will be fully 
equal to one pound per circular inch, and the temperature 
of such steam wit! be, according to circumstauces, about 
$16" ; then if we suppose the mouth of the inverted vessel 
to be submerged to an equal depth below the surface of the 
water, it is evident that the density of the contained steam 
must be just double that of the former, or about tmo pounds 
upon each circular inch, the pressure being in all cases as 
AC is to AB, and the temperature of such compressed 
steam will be about 220 degrees of Fahrenheit. 

When the boiler is at work, this submerged vessel is con- 
tinually forcing out bubbles of steam from beneath it, which, 
by rising up through the water into the ordinary steam 
chamber, cause a constant agitation or ebullition at all 
times, and consequently at those times when, but for this 
circumstance, the water would occasionally not boil at all. 
In fact, with the inverted vessel the water boils at a lower 
temperature than it otkeriense would; but we must here 
guard against a conclusion too cammonly made by parties 
seeing the experiment tried, that because the water boils at 
a lower temperature we must necessarily save fuel by the 
process ; — this does not at all follow, any more than that we 
ought to save fuel in boiling water by means of steam sup- 
plied from a separate boiler, which is well known to have no 
advantage except that of convenience. 

1 54. The fact of the fonnation of steam under the bottoms 
of the flues, and under the various projections and bends of 
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the internal parts of boilers, has been long fomiliar to boiler 
malieis; and the liability of its occurreDCe is jnstly con- 
sidered by them to be the cause of the greatest difficulties 
they have to encounter in arranging the parts of boilers of 
very complicated construction. When this consideration is 
not attended to in contriving new forms of boilers, such 
boilers are very liable to become " steam locked", and if 
those accumulations of steam should occur in any part 
exposed to the action of the fire, it is probable that such 
portion of the boiler will become red hot, and consequently 
liable to produce explosion. We faave known several instances 
of boilers bursting, which hsve been traced to this cause. 

An easy method of exhibiting to the eye the manner in 
which steam becomes locked or accumulated within an 
inverted vessel, by an experiment which may be performed 
on a table, is to boil wat^ in a glass flask over a lamp, and 
make an inverted veisel of a small glass test tube, lied 
round with a piece of wire, one end of which is inserted iu 
the cork by which the flask is stopped, taking care to have 
a small tube inserted through the cork to allow of the 
emission of the steam as is represented by figure 13 below. 

Fig. 13. 
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A similar experimeDt may be made with a small piece of 
broken stone or bricli, or any other rough or porous heavy 
substance, as is shewn by Fig. 14 ; in this case the substance 
is suspended by a thread by which it may be alternately 
drawn above the surface of the water, or immersed below 
it; thus causing the water to boil or to cease boiling at will. 

Fig. U. 



When an apparatus of this kind is seen in action, the steam 
has the appearance of being generated at the under surface 
of the substance used, from which the latter has received the 
name oi generator. 

155. According to the Penny Cyclopaedia, article " Boil- 
ingof Fluids," Dr. Bostock found that the temperature of 
boiling water varied four or iive degrees, according to the 
presence or absence of extraneous bodies, and at a certain 
temperature ebullition was suspended or promoted by the 
same means. For instance, when ebullition first commenced, 
be found it was very much increased by dropping into the 
vessel small Jragments of cedar-wood ; he also found that 



by Google 



OF THE BOILING POINT. 133 

the boiling point of ether under similar circumstances varied 
occasionally to 50 degrees or more. 

Previous to the above discovery it was well bnown that 
M. Gay Lussac had found two degrees difference in the 
boiling point, according as the water was boiled in a tin 
vessel or one of glass; the latter material requiring the 
highest temperature ; and he concluded that it depended 
upon the conducting potior and the polish of the vessel in 
which the experiment was made. 

156. Now there is no denying that the conducting power 
of the material of the vessel must have some effect as to the 
temperature which that material itself will acquire, but it 
can have none whatever on the temperature of the water, 
excepting as relates to the time required to bring the latter 
to the boiling point; and this depends upon the thichness of 
the material as well as its conducting power. However, the 
difference of " polish" is quite sufBcient to account for the 
phenomenon in question, if we tahe the word in a somewhat 
enlai^ed sense, — that is, understanding the difference in 
polish to signify the difference between an extremely smooth 
surface and a very rough one full of irregular cavities and 
indentures, and it will then be found that it makes no differ- 
ence of any consequence whether the vessels be of glass or 
metal. Many of the minute projections on the internal 
surface of a boiler allow of small accumulations of steam 
underneath them, in the same manner as the latter forms 
under the generator in the experiment shewn in figure 14 ; 
thus forming small steam chambers, which act precisely on 
the same principle as the large inverted vessel, already 
explained (Art. 153, Fig. 12). 

167. On observing the above phenomenon in a metallic 
vessel with a moderately rough surface, we might at first 
suppose from appearances that the steam had a pecidiai 
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tendency to radiate from pointt and asperities ; but on a 
closer inspecUon of tlie process it is easilj discorered, tliat 
those asperities which give off steam in the greatest quan- 
tities, have in reality minute cavities opening downwards. 
This is at once rendered coospicaons by making a slight 
scratch or indenture on the inner side surface of any kind of 
boiler; the bubbles of steam will then be seen issuing 
abundantly from underneath the little projection or asperity 
BO formed ; and this takes place equally of whatever material 
the vessel may be composed. In the case of glass vessels, 
the phenomenon is best examined in the common Florence 
oil flasks, particularly such of them as are frequently found 
with incidental imperfections and asperities in the glass. 
If M. Gay Lussac had made his experiments with a cheap 
apparatus of this kind instead of with probably a smooth and 
nicely finished glass retort, he would not have been deceived 
as to the difference between glass and metal, for there con be 
no doubt that so eminent a philosopher would have imme- 
diately detected the cause. 

158. In like manner, the experiments of Dr. Bostock may 
be explfuned as respects the effects of extraneous substances. 
The phenomenon he describes is produced by any substance 
tehateveff as well as cedar wood, provided that it contains 
pores or cavities of any kind with their apertures opening 
downward; — those cavities or small chambers of course 
allowing the steam to become locked within them, and con- 
sequently acting exactly on the same principle as the large 
inverted vessel or submerged steam chamber before de- 
scribed. 

The most striking instance of the effect produced by the 
immerdoD of extraneous bodies, is in the case of the ther- 
mometer, for if we introduce the naked bulb only of the 
thermometer into the heated fluid when the latter is at a 
temperature a litUe below the boiling point, no effect what- 
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ever is produced, but if aloDg with the thennometer the 
lower part of the attached scale (whether of wood or metal) 
is introduced, bubbles of steam are given off immediately 
although the temperature remains constantly the same. 

159. Similar effects to those above described must have 
been (requeutly produced during some part or other of the 
manipulations of almost every experimenter since the time 
that thermometers were first invented ; yet familiar as they 
must necessarily have been to every chemist, it does not 
appear that any one has hitherto published any satisfactory 
explanation of them, although statements descriptive of the 
phenomena, and to the effect that they were first observed 
by M. Gay Lussac, have been published in almost every 
chemical work for a great number of years past. 

It is stated in Professor Graham's very excellent work 
recently published*, that " the reason why water in these 
circumstances does not pass into vapour at its usual boiling 
point, is not distinctly understood" and he afterwards adds 
in illustration, that " the water appears to be in a precarious 
state of equilibrium." Now may we not here inquire why 
it has not been miderstood, and suggest the probability that 
it is because it was too easy to understand ; or in words, 
the proper explanation was too plain and simple, and in 
consequence overlooked. If the explanation had involved 
the sciences of Electricity, Galvanism or Magnetism, or all 
three together, it is exlxemely probable that it would have 
been found out long ago; for many of onr chemists, like 
certain poliUcians, are usually looking so far abroad that 
they seldom see objects which lie directly in their way until 
they stumble over them. 

• Elements of Chemistry, includiog the application of the Science to 
the Arta. By Thomas Graham, F.R.S.L. & E. Professor of Chemistry 
in the London University College, &c, &c. 
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160. We have now, it is hoped, given a snfficieatlj com- 
prehensive account to enable any one to perceive, at a glance, 
the rationale of water and other diiidB being more easily con- 
verted into steam when in contact with rough and uneven 
surfaces than when the surfaces are smooth and polished, as 
well as a reason for the apparent fact consequent upon it, 
that it requires a higher temperature to boil water in vessels 
of glass than in those of metal. But there are also variations 
in the temperature of the boiling point produced by other 
causes than those pointed out. Professor Graham states, on 
the authority of Mr, Scrymgeour of Glasgow, " that if oil be 
present with water, the boiling point of the water is raised a 
few degrees in any liind of vessel," which is a £tct of some 
consequence, perhaps, to those who recommend the patting 
of oil or tallow into boilers. Another cause of variation 
owing to the ever varying barometrical pressure of the atmo- 
sphere, is too obvious and almost too well known to need ad- 
verting to, except for the purpose of introducing the follow- 
ing table of temperatures corresponding to each quarter of 
an inch of the usual range of the height of the barometer, 
which will be found useful to refer to by those who may 
be inclined to follow up the experiments mentioned in this 
section. 



When the baroineter Distilled water 

atandB at boils at 

28 inches 208^ degrees. 

28J 209 

28J 209J 

28| 2091 

29 210 

29i 210^ 

29J 211 

29i 21U 

30 212 
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When the barometer Distilled water 

stands at boils at 

SOi inches aiSi degrees. 

30j 213 

30i 213J 

31 213f 

3li 214 

EXAMPLE OF LABQE BOtLER CONCLUDED. 

161. B«sumiag again the consideration of the large boiler, 
(from Art. 119,) it will be found that instead of lowering the 
water surface, or putting a flue through the boiler, in order 
to lessen the quantity of water, it will be much more ad- 
vantageous and out of all comparison cheaper than the latter, 
to place in the boiler a number of sediment collectors or 
generators, so as to occupy a considerable portion of the 
water space, as shewn in figs. 10 and 11. The terms co^ 
lectors and generators are used indifferently, because the 
same articles answer both purposes accordingly as they are 
placed with their concave faces upwards or downwards, 
and in either way they are equally eligible for the purpose of 
replacing the surplus water and thereby saving fuel. 

To assure ourselves, however, of effecting the latter pur- 
pose in all cases, namely, the great desideratum of saving 
fuel, a certain arrangement of the collectors is absolutely 
necessary in order to consult the convenience of the men 
employed about them. For although it is impossible, 
perhaps, to place them wrong, or so that some saving will 
not occur, unless it is done intentionally, yet it is much better 
to avoid the possibility of failure in the introduction of all 
new improvements, and more especially in all such as are 
circumstanced as the one we ^e speaking of, where the ope- 
ration is of a disagreeable kind at the best, and all but in- 
accessible to a master or manager's superintendence. That 
such an arrangement can easily be made in this instance will 
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be immediately shewn ; and it may at the same time be also 
stated, for the beDefit of that proverbially unfortunate class of 
inventors, usually (in Lancashire) called "schemers," that 
there is an infallible rule applicable to all sorts of new inven- 
tions or improvements, which if followed will insure the good 
management and eventual success of the latter, providing that 
they are real improvements,— but the willing cooperation of 
the employer, or those principally to be benefited by the im- 
provement, is indispensable. The rule is: — Make the new 
process such, that while the work of -those employed about it 
requires less labour and trouble than it did before, they have 
more for doing it ; or, in other words, make it a mutual benefit 
to both masters and men, and it is sure to answer, lliis is a 
well known truism with both employers and employed in all 
manufacturing establishments, but it appears far from being 
so amongst those who come under the general appellation of 
schemers, — hence their everlasting complaints and chafes 
of ignorance and prejudice against workmen. It is all very 
well for inventors to say that mastem ought to compel their 
men to do so and so, — factory toasters at least know well 
enough that it is not so easy. Ingenious mechanics, who are 
able to make iron and wood do almost any thing, are too apt 
to forget that flesh and blood are materials of a lar more in- 
tractable kind ; but they may rest assured, on the word of 
one who has had many years' experience in all the three 
capacities above mentioned, that nothing but attention to the 
above advice will either command or deserve success. 

162. The best directions respecting the collectors are as 
follow : — In the first place, they require to be made suf- 
ficiently heavy not only to prevent the possibility of their 
floating when the water is first put into the boiler, but also 
to prevent their moving or getting in any way displaced by 
any agitation in the water j this is accomplished by maloBg 
them of fire clay, and well burnt, about 18 or 20 inches long, 
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12 broad, and 4 to 6 incbes thick, witb an oval shaped con- 
cavity on one side of sufficieot capacity to take away about 
one balf of the material; witb these dimensions 36 of them 
occupy about a cubic yard, and cost about eighteen pence 
each. Tbey must be placed upon inch square bars of iron 
laid over the stays, as is shewn in section in figs. 10 and 11, 
page 136, aud in plan in fig. 15. One or two of the bottom 
tiers being placed with their hollow sides downward to act as 
generators or sleam colleclors, and also to serve as a founda- 
tion for those placed the other way up, or as sediment col- 
lectors- The latter answer best for catching the dirt when 
placed quite as high up as to be level with the surface of the 
water, and those that are below require to be partially 
covered by other collectors, but so as to allow sufficient room 
for lading out the dirt into a bucket without removing the 
latter. 

Fig. 15. 
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CHAPTER IV. 

oenebal principles of constrhction in form and 
proportions, to combine efficiency, economy and 
btbength; with rules and tables for setting 
OUT the dimensions of new boilers. 

163. One of the most prevalent sources of error to practical 
men, is the apparent paradoxical fact, that whatever length 
a boiler may be made, the heated air which escapes is still 
capable of boiling vratcr in a separate vessel placed in the 
due leading to the chimney, which naturally induces a sus- 
picion that our ordinary methods of combustion only produce 
a small portion of the heat derivable Jrom the liiel. Hence 
the thousand and one schemes, and the various winding and 
zigzag flues, of the numerous inventors of boilers, who are 
mostly running after the " whole of the heat," with a fatuity 
far exceeding that of the perpetual motion hunters — the lat- 
ter generally give up after one or two trials, but the former 
continue as mad as ever. 

The fact stated, however, is in no way surprising, although 
steam may be thus raised in a close vessel, even to a greater 
pressure than that in the boiler from under which the waste 
heat has escaped. It certainly must be allowed, that steam 
BO obtained, if returned into the boiler at a workable pressure, 
is so much clear gain — our argument, however, only is, that 
it is not much; in fact, if we calculate it commercially, it is 
worth less than nothing, that is, if we take time into account, 
or according to what we have elsewhere observed, we find it 
to be produced at so slow a rate that its value is less than a 
very small per centage on the capital employed to obtain it. 
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In taking this view of the Bubject, it must always be re- 
membered, that the limits we have laid dowD (in Chap. I.) 
as including an average of the best practice in Lancashire, 
will admit of considerable variations in different times and 
places, according to the price of materials and the value of 
money, 

164. As a general principle in the construction of boilers, 
it must be admitted that we ought to select that form which 
gives the proper quantity of heating surface, along with the 
greatest capacity, as well as strength, for the quantity of ma- 
terials employed. The two last conditions would lead us to 
prefer the spherical form ; and if it were absolutely necessaiy 
to have the furnace within the boiler, a form approaching to 
this might still be the best, as in the fire-boxes of some of 
the best locomotive engines. The old fashioned, or " hay- 
stack " boiler, is also a near approach to this shape, and up 
to a certain size it is yet perhaps as good as any, when well 
made ; but the concave bottom requires to be supported by 
stays, which add to the complexity of the construction. 

165. The next in degree, for simplicity of form, is the ho- 
rizontal cylinder, and it is almost a necessary j^nisite, to 
insure the greatest strength and perfection of workmanship, 
that it be made without any inside flue. This form admits 
of a fire-grate of the full width of the boiler, and the products 
of combustion may be advantageously applied to nearly the 
whole of the lower half of the external surface. Accordin^y, 
we have always found a prevailing disposition amongst ma- 
nufacturers to adopt the cylindrical form, either with or with- 
out inside flues, although the practice has not hitherto been 
so generally successful as that of Boulton and Watt. There 
seems to be an admitted difficulty in adapting the fire so as 
to act uniformly against the convex boiler bottom ; but their 
greatest faults have arisen from imperfect methods of setting, 



by Google 



142 CYLINDER OP aBEATEST CAPACITF. 

being irequentlj set op tike wagon boilers, witfa winding 
flues, to wbich tbeir form is not at all adapted. 

THE CTUNDES OP QREATEST CAPACITT. 

166. In order to give a general investigation of the best 
proportions for the cylindrical boiler, according to the same 
principles which we have applied to others, we shall first 
ascertain what are the proportions of a cylindrical boiler, 
when it has the greatest capacity for the least weight of 
material. 

This investigation is generally considered to require a 
fluxionary process, and many able workmen have been on 
that account deterred from examining for themselves the well 
known proposition, that a cylinder, whose length and dia- 
meter are equal, has the largest capacity for a given surface ; 
and they are thereby prevented fi-om placing any faith in the 
various useful rules which are deduced from it. An easy 
method of proving the truth of this proposition is therefore 
introduced, with a view to its being useful to operative me- 
chanics, who will perhaps not the less appreciate it when 
informed that it was the production of one of their owu 
" order," before the schoolmaster was "abroad," and conse- 
quendy, alse, without the multifarious aids of Mechanics' 
Institutions, or of the various lucid treatises of the Diffusion 
Society. 

pTopoHHon. — To find the length and diameter of a 
cylindrical boiler, of a given weight of metal, when its cubic 
contrats are a maximum ; or, which is the same thing, to 
find the proportions of a cyhnder, of a given capacity, when 
its superficial area of surface is the leut possible : — 

Solution by the Soho, or Routiedge's sHde rule. — Invwt 
the slide, and set I on C to the given capacity exprMsed in 
cylindrical uniU on A, say 64, as in the following exam- 
ple. Then the logarithmic line A, will represent a series of 
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numbers, which are the areas, in circular units, of the ends of 
all possible cylinders of the given capacity. The oumbers 
on the line D, being the square roots of those areas, will re- 
present the diameters of the various cylinders; and the corre- 
sponding nunibeTS on the inverted lines B and C will repre- 
sent the lengths of those cylindere respectively. 

EXAMPLE. 



Al 


15 


16 


m 


32 


64 Areas. 


ol 


4-27 


4 


3 


2 


1 Lengths. 


al 


4-27 


4 


3 


2 


1 LeDgtlis. 


Dl 


387 


4 


4-618 


5« 


8 Diameters. 



16-52 
X by 4 =66-08 



13-85 


11-3 


8 


Products. 


55-4 


45-2 


S2 


[faces. 
Convex Sur- 


42-6 


64 


128 


■ End Surfaces. 



Sums 9608 96 98-0 109-2 160 Total Surfaces. 

Now while the areas of the ends of the cylinders decrease 
asthe squares ofthe diameters, the areas of the convex surtaces 
must increase as the length of the cylinder iBulti{died by its 
circumference, (but divided by '7854 to reduce the square 
measure to circular, in order that the end surface and the 
convex surface may be expressed in units of the same deno- 
mination,) and as the circumference is 3'1416 times the 
diameter, the uea of the convex surface will always be 
(3'1 416 -£--7854=) four times the diamet^ multiplied by the 
corresponding length. Therefore, in order to obtain a series 
of ntimbers representing the areas of the convex surfaces of 
(he various cylinders, we have only to multiply then- re- 
spective diameters by their^coirespoiMling lengths, and these 
products agmn by 4, beginning at the right hand as in the 
above example. At the same time we must add twice the 
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end area of the respective cylinders to the convex area as 
thus found, aod the sum will be the total area of surface of 
each. By proceeding with this operation (which may gene- 
rally be done nieDtally) towards the left hand, we shall soon 
find, that that sum is the least possible where the length and 
diameter are equal, or in the above example 4 and 4, and 
cooeequently equal to the cabe root of the capacity. 

In like manner if we take a cylinder of any other capacity 
we shall always find that the length and the diameter are each 
equal to the cube root of the capacity in cylindrical measure, 
when the superficial area of surface is the least possible for 
the given content. 

167, This application of instruniental arithmetic will 
perhaps be better understood by the general reader, alter 
considering the analogous method of resolving the sim- 
pler problem in arUcle 117. And although some of the 
lovers of the "higher analysis" will no doubt consider this 
as one of the few problems which Emerson long since 
rather contemptuously admitted might be " hammer'd out 
with great labour and difficulty by other methods " than by 
that of fluxions*, yet it will not perhaps be leas approved of 

* The following is Emerson's own aolution of this problem, from which 
the reader, whether initiated or not, will be able to judge of the compa- 
rative logical clearness of the two methods, — infinitely superior as 
Emerson's is, to those we usually see with the modem refinements of 
the differential calculus. 

To find a cylinder of a given solidity (6), with the least whole surlace. 

Let ^1= altitude, Jtzidiameter of the base, c=3'1416. 
Then, f^=*. 

And— =zsum of the bases, 
2 

cf^3:couveK aurface= ; 

Therefore^ -H_=m (a minimum): 
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on that account, as it forms the foundation of some useful 
applications of the slide rale for the every day practice of th« 
mechanic, and which we shall here introduce. 

168. Suppose we require the dimenraouB of a cylinder ca- 
pahle of containing two imperial gallons, say 554^ cubic 
inches when the quantity of material of which it is made is a 
minimum. Here we must divide the cubic capacity by 
•7854 which gives 706 cylindncal inches. The slide rale 
will then stand as follows:— 

80H0 BULE, SLIDE INVERTED. 



A| 


79-2 


81 1 


100 353 706 Areas. 


31 


8-9 


8-71 1 


7-06 2 1 Lengths. 


al 


8-9 


8-71 1 


7'06 2 1 Lengths. 


Dl 


8-9 


9 1 


10 18-7 26-5 Diameters. 



Here we lind the required diameter and length each equal 
to 8'9 inches, which is the cube root of the capacity nearly, 
and will be found on trial, as before, to be neater the truth 
than either of the numbers on each side, how near soever 
they may be ta^en. 

169. Corollary: — Hence as the cubic contents of the above 
cylinder is a maximum, half of it, talien along with its cor- 
responding half of surface,, is also a maximum ; consequently, 
if we suppose it to be cut by a plane perpendicular to the 

In FliuuoDB c**— 1*5=0, 
Which reduced gives *=f/l?. 
And thence y=^yi^=x. 
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axis of the cylinder, we shall have two cylindrical vessels or 
measures of 8*9 or 8^ ioches diameter and 8'9-<-2=:4'45 or 
nearly 4^ inches deep, each capable of holding an imperial 
gallon with the least possible quantity of surface, or material 
of a given thickness. 

170. From the above we deduce a very nselul formula for 
enabling boiler-makers, ironfounders, or coppersmiths, to 
proportion any kind of open cylindrical vessel, so that it may 
contfun a given quantity of cnbic contents with the least 
possible quantity of material of which it is made, as follows: 

FORMULA FOR 80H0 ROLK, 8UDB INVERTED. 
A I No. of cylindrical inches, feet, yards, &c. 
I Gauge point=2. 

g [ Diam. of vessel in inches, feet, yards, &c. 
D I Ditto ; half of which is the depth. 



Set 2 on C to the given capacity in cylindrical measure 
upon A, and then the two numbers which coincide on tlie 
lines B and D, or the cube root of double the capacity, is the 
diameter of the vessel required, and one half of which is the 
depth. 

171. To save the trouble of reducing cubic to cylindrical 
measure, it is only necessary to use another gauge point in- 
stead of 2, which is obtained in the following manner: — 

Say by proportion, as cylindrical measure, is to cubic mea- 
sure ; so is the old gauge point to the new. Or, As 
-7854 : 1 :'.2 : 2*546, hence the new gauge point is a little 
more than 2J or nearly 2*5^, which latter number is used in 
the following examples. 
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Example 1. Required the dimensioiis of a cylindrical 
ga»-holdery to bold 20,000 cubic feet of gas, (iBdependent of 
tbe rise of tbe dome top,) to be made with the least poBsible 
quantity of superficial area of surface. 

SOLCTION BY THE 80H0 BDLE, SLIDE INTEBTED. 

A I Given contents in cubic feet=20,000, 

I The gauge point= 2*5]^. 

g I 37 feet= Diameter required. 

D I 37 feet, half of which is the depth=18 feet 6 inches. 

Example 2. Required tfae dimensions of a cast iron kter, 
to contcun 3,000 gallons, with a ^ren thickness of metal, 
and to be the least possible weight. Here we must first re- 
duce tfae gallons to cubic feet, there being nearly 6^ gallons, 
or exactly 6*232 in each cubic foot, which ^ves 320 cubic 
feet ; then the operation is as follows : — 

SOHO BULB, SLIDB INVBBTBD. 
A I 320 cubic feet, the given content 
1 2'5j the gauge point 



S I Diam. required =:0'3i feet. 



D ] Ditto =9'3J, half which is the depth=4-67 ft. 

172. It is hoped that the above rules and examples for 
the slide rule wUl be usefiil to practical men generally, as 
well as to working mechanics, many of whom very properly 
deprecate the use of any more algebra than is absolutely 



There are a great many physical problems that aie quite 
capable of being investigated in a similar manner to (he 

I, 2 
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above, where the calculation and demoDBtration are carried 
CD and made sufficiently clear in the same operation. Not 
unlrequently indeed, the very best way of carrying on 
such investigations is by arithmetical means alone. A me- 
morable instance of the latter may be cited as being not 
quite so well known even to engineers &s it deserves. We 
allude to the assertion ofTredgold [based upon afluxionary 
investigation) that in a rotatory engine nearly one half of the 
power of the steam is lost ! which assertion was most effec- 
tually disproved in two or three lines of common arithmetic 
by a correspondent of the Repertory of Patent Inventions for 
September 1828, although the algebraical theory was vainly 
endeavoured to be supported by other writers, including 
Mr. Tredgold himself, in the succeeding numbers of that 
journal. 

The discussion was short but curioas, as exhibiting in 
some of the parties to it, a strange tenacity of opinion, com- 
bined with a pervetseness that is seldom witnessed except in 
political or religious controversy. For although the arith- 
metical proof was quite as conclusive as that two and two 
are four, (which by the by was almost literally the point in 
dispute,] yet the editor of the Eepertory again reiterated the 
fallacious principle in question, on the occasion of reviewing 
a patent for a rotatory engine in the same journal two or three 
months after, and gave Tredgold as a satisfactory authority 
for the assumed loss of power, thus causing, very probably, a 
real loss to the patentee by depreciating his invention in the 
eyes of the public. 

173. Absurd as is the upholding of error in a work which 
for some reason or other a reviewer may have made up 
his mind to pruse, it is something worse when a condemna- 
tory course is pursued ; more particularly when dogmatic 
opinions are given in relation to subjects of so practical 
a nature as is yet that of the steam engine and boiler, 
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with which most exteneive iDterests are so intimately con- 
cerned, not only as to the immense capital involved in pa- 
tents, but as relates to the immense number of ohscare but 
laborious and deserving individuals who never have the 
means of procuring patents, but are nevertheless daily adding 
to the improvement of steam machinery. 

It is not difficult to perceive that there has been recently, 
a greatly increased tendency to dictation on the part of sun- 
dry M.A.'s and M.TnBt.C.£.'s, which is highly reprehensible, 
and, if unchecked, likely to effect, merely through the weight 
of great names, incalculable injury on all persons concerned 
in improving machinery. The lesson which the Great West- 
em steamer read Dr. Lardner, seems yet to be quite lost 
upon others of the same .school. The discussion above men- 
tioned is a most instructive, although humiliating lesson, to 
those who are ever ready to subscribe to the positive dicta of 
mathematicians, and we therefore strongly recommend it to 
the notice of all those who have busied themselves in expos- 
ing what they call the " fallacies" of the Rotary engine 
scheme, more especially as Tredgoid's theory has been re- 
ceotiy revived in the new ei^tion ; being renovated in all the 
delusive garb of the differential calculus, which the editor has 
substituted for the fluxions of Tredgold. Injustice to the 
publisher, however, it must be stated, that the mistake is pro- 
perly corrected in the list of errata, at the end of the work. 

174. In order to point out more palpably to the working 
mechanic, the inexpediency of generally wasting his time 
and resources in acquiring a necessarily imperfect know- 
ledge of abstiact mathematics, perhaps we cannot do better 
than insert Dr. Ritchie's method of resolving the problem of 
the maximum cylinder ; and which is for that purpose here 
copied from bis work on the principles of the calcolus, by 
which also the before mentioned methods of arriving at the 
same result will be more apparent. 
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" Let c denote the capacity of tbe cylinder in cubic inches, 
X the radius of the base, and y the height of the cylinder, 
and v=3-1416. 

Then vx^=aTea of tbe base, 2 <rj;yz:area of the convex 
surface, and w^'yrrc. 

Hence, dividing both sides of this eq. by x we get 

ira'«:=-or 2 wxy:^ — , 
X ' X 

another expression for the convex surface. 

Hence, va^ +— = wbole sur&ce which is a minimum. 

X 

Differentiating we have 2 -^rxdx ^^ =0. 

Hence, 2 xa:dx=l^ and 2 vx^=Zc. 

a;' 

Consequently, x=^y-. 

Again, since «-;r*y=c we baTey= — -,. 

Consequentlf, by substitnting tbe value otxvie have 

which being the same expression as that obtained for x^ 
it follows tbe height of the cylinder mnst be equal to the 
radios of tbe base." 

Tbe above specimen of tbe learning inculcated at the 
London University, is a fine example of tbe best possible 
method of pitzzling a very plain matter. No wonder that 
among those, whose resources allow tbem to repair to the 
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uDiverBities, as is remarked by Professor Aiiy, " The results 
of the differential calculusare received by many, rather with 
the doubts of imperfect faith, than with the confidence of ra- 
tional conviction."* 

ON THE LEMQTU OF BOILESS. 

175. When a boiler is to be set up in the umplest 
possible manner, that is, without flues of any kind, it is of 
some consequence to know to what length the flame is likely 
to extend ; because on this will depend, in some measure, the 
extreme limit of the boiler as to length. We have before 
shewn, that a square yard of heating surface to each square 
foot of fire grate, with a proportional space for the flame to 
develope itself in, is amply sufficient to produce, with the 
greatest economy, a sufficient supply of steam at the ra^ 
and pretsure required by a well made Boulton and Watt 
engine — that being, iu fact, an average of the best practice. 
But there is another question to be examined, which is, 
whether tt is better to obtain the necessary heating surface 
in as compact a space as possible, in the immediate vicinity 
of the furnace, or by means of comparatively ioi^ narrow 
flues, either winding or othem-ise. 

In accordance with reasons before given, (Art. 31,) we have 
always preferred having as much of the boiler bottom as 
pcttsible exposed in the furnace to the direct action of the 
fire and flame ; and experience has since determined the pro* 
priety of this practice. 

In using fuel with Uttie or no flame, it is evident that a 
boiler of a form approaching as nearly as convenient to that 



■ Principlea of the Differential and Integral Calculus, by the Rev. Wil- 
ttsm RHchie, LL.D., F.KS., Professor of Natural Philosophy at the 
Royal Institution of Great Britain ; and I^ofessoi of Natural Philosophy 
and Astronomy in the University of London. 1636. 
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of the eqaal cyliader, or cylinder of greatest capacity, 
would, as proved by the foregoing investigation, be the best 
for economy in first cost, and, if made with hemispherical 
ends, would also be the best for strength. Therefore a boiler 
of this form, whose length is equal to twice its diameter, will 
be the shortest that can be conveniently adopted in any case. 
And there is no doubt that, if expedient, euch a one might 
be beneficially adopted where coke or anthracite coal is the 
fuel used. 

I76. Tbeie is a current opinion amongst experienced 
workmen, that the common wagon boiler ongbt to be about 
three or four times the length of the fire-grate, to insure a 
good effect ; and it is based upon the observation, that when 
a boiler is set up with that proportion, the whole of the Same 
is expended against the under surface, and never passes into 
the side flues along with the smoke. The truth of this 
observation, however, depends upon circumstances. With 
boilers whose fire-grates are square, and whose lengths are 
not less than four times that of the fire-grate, we have never 
met with an instance of the flame reaching to the end of the 
boiler, provided that there was a ffoml draught and the fire 
properly managed. These conditions are important, as will 
be easily perceived; for if the draught is bad, and the fire 
allowed to bum sluggishly, or with an imperfectly developed 
and dull or reddish flame, the eflect is then like that of 
an uusoufled candle, or badly managed gas light ; the flame 
is of greater length but of less intensity, and is conse- 
quently capable of carrying a very low degree of heat to a 
greater distance. Even where the chimney has a good 
draught, should the iiimace not be kept regulariy cleaned, 
and the fire-bars free from clinkers, or if there should be a 
great mass of coal thrown upon the fire at once, the conse- 
quence is nearly the same. In such a case the fire becomes, 
in fact, little better than a gas retort ; and the gas so made 
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baB been frequently known to fill Lbe chimney, so as to take 
fire at tbe cbimney top and burn like a gas ligbt, while at 
the same lime, for want of the proper supply of oxygen, there 
was little or no flame at all under the boiler. 

177. Whether there is any thing to he gained in making a 
boiler of a greater length than four times the length of the 
fire-grate, other conditions being equal, there have been very 
few direct experiments upon a large scale to determine. The 
only experiment, of which tbe result has been published, 
bearing in some degree upon this question, is one by Mr. 
Stephenson, of which some account is given at page 524 in 
Mr. Nicholas Wood's work on rmlroads*. The experiment 
was made with the boiler of a locomotive engine similar to 
that of the " Rocket," when the fact of the very much greater 
evaporating power (per square foot of surface) of the fire 
box than that of the rest of the hotter containing tbe tubes, 
was decidedly proved, and the difiereuce found to he so very 
considerable, that it had properly great infiuence in pro- 
ducing the present practice of making locomotives with very 
lai^e fire boxes ; a practice which has proved to be eminently 
successful. 

178. M. Patnbonr regrets that such experiments had not 
been more frequently made, and without which, he appears 
to think it a difficult matter to settle the true theory of the 
locomotive steam-engine. However, if English mechanics 
only succeed in Ihe practice, they will, no doubt, willingly 
leave to tbe French mathematicians all the gloiy of discover- 
ing the exact theoiy some twenty years hence. There can 



* A Practical Treatise on Railroads and \nVmot ConuDunication in 
general. By Nicholas Wood, Collierf Viewer, &c. Third edition, 
London, 1836. 
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be Qu doubt that experiments have been made on this sub- 
ject by varioQS engineers and manufacturers for tbeir own 
guidance in practice, but wbo have bad no sufficient motJTe 
for publishing them. We never made but one experiment on 
this particular subject, wfaicb was as follows: — an open 
topped boiler was made and divided by water-tight partitions 
into four equal divisions, each nearly filled with water ; a 
coal fire was made upon a square fire-grate, under one end, 
of exactly one Biwth the length of the boiler ; the fire was 
treated in the usual manner, and each division of the boiler 
was supplied with water in all respects similarly to an ordi- 
nary steam-engine boiler, except that this was open to the 
atmosphere. It was then found that the difference between 
the quantities of water evaporated in the first and second 
divisions, was something tike that in Mr. Stephenson's expe- 
riment, but the quantity of water evaporated from the third 
division was amazingly diminished, and in the fourth divisioa 
the evaporation was practically nothing, or so small as hardly 
to bear any comparison to the whole. As this experiment 
was not condncted with strict scientific accuracy, it is unne- 
cessary to publish our notes of it, but it may be as well to 
stale, that it had all the advantage (if it be any) of a bad 
draught ; being made with a temporary fiimace built for the 
purpose in an open shed, and with merdy an outlet for the 
smoke to pass into a common house chimney. 

179. The general result of the above experiment was suf- 
ficient to determine what has since been our uniform prac- 
tice in recommending that the length of boilers should not 
in any case exceed six times their width, supposing the 
latter to determine the size of the square fire-grate. This 
advice has been extensively acted upon for some years with 
uniform success, there being some instances of boilers with 
a proportion of only five to one, and they are found to be 
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nearly as economical as any other kind when equally welt 
made and properly managed ; of course we are speaking of 
boilers withovt return flues or internal fines of any kind. 

180. If a cylindrical boiler be set up with winding flues 
or a wheel draught, of course its length may be advantage- 
ously reduced in the same proportion as in wagon boilers 
that are set up in the same manner, or to about four times 
their width. But this is a method of setUng cylindrical 
boilers which is decidedly objectionable, on account of its 
candng the seating walls to encroach too much upon the 
necessary width of the furnace; or if the latter is made suf- 
ficiently wide, then the side flues will be found too small, 
unless gathered in above the centre line of the boiler, and 
thus rendering the upper part of the side surface ahnost use- 
less as heating surface, except when the flues are carried 
above the level of the wal«r, and then it is pregnant with 
danger. 

181. When a cylindrical boiler has an inside flue, and is 
set up with a split drai^ht, as described in article 12, the 
above objectdons do not so fully apply, because the smoke is 
then divided into two currents, and the side flues only re- 
quire to be half the size of the former. If a boiler of this 
kind with the uptake inside the boiler, similar to that in fig. 
5, so that a portion of the flame may occasionally pass into 
the inside fine, the length of the boiler will then admit of 
being reduced to about three rimes its width ; and this in 
fact is tbe exact proportion used in factory boilers, in many 
instances, and is found to be exceedingly economical. 

182. Wagon-shaped boilers are certainly amongst the most 
economical boilers in regard to fael to be met with in the 
cotton factories, and by far the greatest number of them are 
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somewhat shorter than the proportion stated above, and may 
iairly be considered as affording the safest guide in practice. 
From the consideration, that the above remarks, together 
with the observations heretofore mentioned, point out the 
proper limits in practice for all kinds of boilers as respects 
length, we have drawn up the following empirical rules, 
which are nearly equally applicable to all the simpler sorts of 
boilers that are used in factories, whether wagon shaped or 
cylindrical. 

183. General Rul€» for proportioning the length of boilers. 

Rule I. A plain boiler without any inside 6ae, to he hung 
upon what is called the " oren plan,"* ought not to exceed 
in length Hx times the square root of the horse power in 
feet, or in ordinary circumstances, six times the square root 
of the area of the Jire-graie in feet. 

Kule II. A boiler without any inside flue, to be set up in 
the common way with a wheel draught, ought not to exceed 
in length four times the square root of the horse power; or 
four times the square root of the area of the ftre-grate in 
feet. 

Kule III. If a ftued boiler, or boiler containing one or 
more inside flues, {and the latter pass quite through^ is to be 
set up with a split draught, it ought not to exceed in length 
three and a half times the square root of the horse power, 
and if with a wheel draught, three and a quarter times thesame, 
or three and a quarter times the square root <f the area of 
thejire-grate in feet. 

Kule IV. If a Jlued boiler with an inside uptake, like a 
Boulton and Watt boiler, (Art. 82,) is to be set up with a 

* That is, without any leturo flue, but with the flame and smoke to 
pass iroin the fire place directly under the bottom of the boiler to the vent 
or chimney. When the draught is arranged in this manner, it ia by some 
called "a thorough draught." 
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split draught, it need not exceed in length fixim three to three 
and a quarter times the square root of the horse power-, or 
if it is to he set up with a wheel draught, then the length of 
the boiler ought not to exceed three times the square root of 
the horse power, or of the area of the fire-grate in feet. 

184. Boilers whose proportions are represented hy the 
abore practical rules, are mostly the best to be found of each 
kind in Manchester, more especially those indicated by the 
three last. But the manner of hanging boilers to which the 
first rule relates, is yet more generally confined to other 
places, where inferior workmanship only can be obtained, 
and where the space occupied by the greater length of the 
boiler is not generally of so much value ; it has also been 
almost exclnsively confined to cylindrical boilers ; conse- 
quently the data for this rule have not perhaps been quite so 
exactly determined as for the others. 

There are reasons for supposing that cylindrical boilers 
might be considerably shorter than the proportion stated in 
Rule I., if the fij% could be equally well arranged as in the 
wagon boiler ; but there is a difficulty in applying the fire to 
the bottom of a boiler of this kind as compared to a wagon 
boiler, tbe concare bottom of the latter being admirably 
adapted to this purpose, because the centre of the grate 
where the heat must be the most intense, is at the greatest 
distance below the boiler bottom, while the latter gradually 
approaches nearer to the grate at the sides of the furnace, 
and thus tends to equalize the action of the fire. Now tbe 
bottom of the cylindrical boiler being convex downwards, of 
course the action of the fire against it is exactly the reverse 
of the former. On this account there requires to be a greater 
average distance between the fire-grate and the boiler bot- 
tom ; this again requires a greater quantity of coal in the 
furnace at one time, which both impedes the draught and 
causes the fame to be occasionally extended in length in the 
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manner already described, (An. 177.) Hence tbe boiler re- 
quires to be proportionally extended in length also. 

ON WASTE HEAT. 

185. From the above consideratioiis it appears that but for 
the difficuJty of having the fire equally well managed, that a 
ratio of five to one, iuBtead of six to one, is an equally 
^gible proportion for tbe length of a cylindrical boiler with 
a thorough draugt, as that of four to one is, when applied 
to a common wagon boiler with a wheel draught. But until 
the plain cyhndrical boiler has come more extensively into 
use, so as to afford more numerous experiments and ohserr- 
ationB, we shall only err 6n what ie usually considered the 
saving side, by adopting for the present the greater ratio of 
rax to one. 

The general leaning of many manufacturers to erroneous 
opinions respecting the proper length of boiler, as well as the 
proper quantity of heating sur&ce, namely, that they may 
both be almost indefinitely extended with advantage, renders 
it necessaiy to observe, that we have had very many oppor- 
tunities of comparing the effect produced by lengthening 
boilers, but never yet met with one iota of saving accruing 
from such alterations, excepting where there had been pre- 
viously a deficient quantity of heating surface or of steam 
room. 

186. The exceptions just stated are important, and require 
to be especially noticed ; for tbe neglect of them is, in fact, 
generally the cause of much self-deception on this and kin- 
dred subjects. A manufacturer, for instance, has got his 
en^ne overloaded, without bis knowing it, except from the 
increased consumption of coal, arising from the necessity of 
overfiring a boiler too small for the work it has to do. He 
then finds, perhaps for the first time, that the temperature of 
the smoke in the chimney flue is four or five hundred de- 
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grees ; and knowing ihat the heat of the steam is little more 
than 212°, he hastily concludes that about one half of the 
heat produced by the fuel is sent up the chimney and lost; 
and he conseqaently gives a ready assent to the use of any 
plausible means of " robbing the smoke of this waste heat" 
before it escapes. Hence a boundless field of speculative 
enquiry is opened, and how to u»e up the wliole of the heat 
in the most advantageous manner, becomes a question of in- 
tense interest to those whose establishments require an ex- 
penditure of a few thousands a year for fiiel. 

Consequent on observations of the above native, we have 
patent inventions without number for returning the " caloric " 
of the smoke, by passing the latter through variously con- 
trived systems of tubes and channels which separate it from 
counter cmrents of fresh atmospheric air ; this air being thus 
" cba^^d with caloric'' on its passage, is then used to supply 
the combustion in the furnace. 

Owing to the great success attending Mr. Neilson's hot air 
system in iron works, there is a cert^n degree of plausibility 
in applying similar plans to the above to steam-engine fur- 
naces; and when sufficiently involved with the ordinary 
rague and half obscure notions of smoke burning, they form 
the foundations of nearly one half of the smoke burning 
patents with which we are acquainted. 

187. The principle of returning the heat of the smoke has 
been well tried in various ways in Manchester ; and of the 
det^ls of which trials we have in many cases preserved notes ; 
but which, as being proo& of abortive schemes, we would 
be Sony to inflict on the readers of this work ; and it is ren- 
dered the less necessary, as the forthcoming volume of the 
" Manchester Philosophical Society's Memoyrs" is expected 
to contain papers relating to this subject by a gentleman well 
qualified to do it justice. The general result, however, is 
instructive, and may be shortly stated to he as follows:— the 
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saving in fnel at a steam-engine furnace, by heating the air 
that supplies the combustion, is exactly equal to that which 
is lost, or rather not created, in consequence of the diminished 
draught ; consequenlly this system of saving fuel is exactly 
that of " robbing Peter to pay Paul," and the effect is uni- 
formly the same whether the air is heated by the same furnace 
or a separate fire. 

The plan most commonly resorted to, however, for re- 
ducing the temperature of the chimney, is to lengthen the 
boiler; and notwitbstajiding the diminished draught, the re- 
sult in all such cases as we have supposed above, (Art. 186,) 
is, that the manufacturer finds a certain saving in fuel, and 
he usually asciihes the improvement solely to the lengthening 
of the boiler and consequent extension of the distance that 
the smoke and hot ^r have to travel before they escape, for- 
getting that the increased quantity of heating surface and 
boiler room may be quite sufficient to produce the increased 
economy in Hiel, as, in fact, is the case 99 times out of 100. 

188. Correctly recorded experiments in all cases support 
the position we wish to enforce ; which is, that in a well 
proportioned boiler there ought always to he a sufficient area 
t^ heating surface within as short a space as possible. 

The propriety of a practice founded upon this principle 
was conclusively settled at that great era of steam engineer- 
ing, the opening of the Liverpool and Manchester Railway, 
by the success of Messrs. Stephenson and Booth's locomotive 
" the Rocket;" and the more closely this principle has been 
adhered to since, the more perfect has been the railway \octy- 
motive hoUer for efficiency and economy combined. And as it 
is always good to recur to first principles, railway engineers 
wonld do well to bear the above facts in mind ; for the prin- 
ciple they involve points to the necessity of increasing the 
number of tubes, and consequently the diameter of the boiler, 
rather than the length ; and which is an argument in &vour 
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of the wide gauge, that seems to hare been overlooked in the 
late investigatioDs respecting the Great Western Railway. 

189. In adrflrting to the impTorements effected or at- 
tempted, aboQt the time of the opening of the Liverpool 
Railway, we cannot help mentioning some evaporation ex- 
periments which were then made n'ith some patent boilers, 
constructed upon a principle completely opposite to that 
recommended above ; that is, consisting of long, winding, 
continaons flues. In those boilers it was alleged that the 
heat was all so entirely uted tip by their extraordinary 
economical qoalilies, that the caloric evolved &om the 
fuel was so completely abstracted by the rapid generation 
of steam, and the heated air and incombustible gases so far 
robbed of tbeir heat and cooled down, that the hand or arm 
might he placed tmth impunity inside the tube from which 
the smoke escaped from the boiler. We fot^t whether this 
experimental way of proving too much was an Irish invention 
or not ; at any rate it was an improvement upon the " robbing 
Peter to pay Paul" system. If we recollect right, it was 
gravely alleged to save one hundred and tttenty per cent. 
in fuel ; and a report to that effect was published in some of 
the journals of that time, to which the names of some eminent 
engine^s were attached. 

190. In some attempts to save waste heat, separate boilers 
have been added, and completely inclosed in large flues 
leading from the boiler to the chimney, without the least 
pOTceplible result as to saving of friel. These additional 
boilers, or heat savers, or ** thrutchers," (as they have berai 
technically termed in Lancanbire, on account of tbeir sup- 
posed assistance to a larger boiler,) are sometimes made 
without any steam room, and applied solely to the purpose 
of beating, or rather only of warming, the water for feeding 
the larger boiler. It w also true, that by such means the 
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water has been coDsiderablj' elevated in temperature, previous 
lo passing ibto the boiler ; yet exactly how much heat has 
ever been saved by them, we believe is yet a question for the 
philosophers ; but if we may judge of the quantity of heat 
saved by its effect in saving fuel, it differed from nothmg (if 
not quite nothing) by less than any assignable quantity. 

In one cage to which our attention was particularly di- 
rected, it was found that the heat tavera succeeded in making 
the water within them nearly as hot aa that in the boiler ; 
yet it was observed that there was only a difference of a very 
few degrees of temperature in the water within the feed pipe 
of the boiler, whether the latter received its supply from the 
beat savers or direct from the hot well of the engme, at least 
100° colder. This result was evidently a consequence of the 
fact, that the quantity of heat required to raise the temper- 
ature of the water in the boiler about 100°, was practically 
nothing as compared to the quantity required to convert the 
same water into steam ; if we may thus speak of beat by 
quantity, or as a substance, although it has not yet been 
either measured or weighed. At any rate, the results stated 
admit of no other explanation. And although we are quite 
aware that this is not in accordance with the received theory 
of beat, that is a matter for the chemist to reconcile. The 
only duty of an experimenter is to observe carefully, and 
state faithfully, the actual results of practice. And the en- 
gineer who, in advising on expensive undertakings, would 
allow his judgment to be warped from the evidence of facts 
by any preconceived theory whatever, must possess a larger 
sliare of veneration for great names and hooks than he has of 
conscientiousness or regard for the pecuniary interest of his 
employer. According to Dr. Black's great discovery, as it is 
called, of latent heat, we ought to save at least about one 
tenth of the fuel by plans anfdogous to those described above; 
but the facts are uniformly and without exertion agunst 
such a result. 
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INVBSTIOATION OF THE DIMENSIONS OF THE CYLINDRICAL 
BOILEB WITH FLAT ENDS. 
191. Having in pieviouB chapters determined the oeces- 
saiy proportions in practice for the heating surface, fire-grate, 
and capacity for st«am and water, we are now in a condition 
to iarestjgate the dimensions that a boiler ought to hare for 
any giren number of horses power ; and in order to free the 
problem from as much complication as possible in the first 
instance, we shall lake tbe simple cylindzical l»w pteasure 
boiler with flat ends : — 

Let P = the horse power, 

D = diameter of the boiler in feet. 
L = length of ditto. 
Also, let c = capacity per horse power in cttMc feet. 

« = the effective healing surface in square feet. 
And a = -7854 x 2 or 3-1416-T-2 = 1'670B. 
Now although it is generally expedient to gather in the 
brick-work of the side walls a little below the level of the 
horizontal centre Une of the boiler or axis of the cylinder, 
we may consider the heating siuface-so lost, as only equiva- 
lent to the effective healing surface of the vertical or flat 
«nds of the boiler, which weshall not here take into account; 
therefore we may consider the total effective heating surface 
as equal to half the convex surface of the cylinder. 
Then Ae circumference will be equal to 
3-I416xD = 2(iD. 
And half circtmif. =: a D. 
Comequently o D L = the area of the bottom convex aur- 
&ce, or efi'ectire heating surface in square feet 

And the horse power as it depends upon surface, will be 
this area-=-by «, or 

(1) 
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Again, Uie area of the cross section of the boiler in squaie 
feet will be equal to 



Therefore the capacity in cubic feet mast he 



aod the horse power ae depends on capacity will be equal to 
this expression dirided by c, or 



Consequently we have the foUowing equation : — 
o D' L _ a D L 



(4) 



By which it appears that the value of D or the diameter, is 
indep«ident of the length of the boiler, or of the horse power, 
but is constantly as the proporUonal values of c and s, or the 
proportion which we give to the heating surface as compared 
to the cubic capacity of the boiler. 

Frotn the equation P = ^ we obtain 

«DL =«P 

Hence ^ = "^ f**' 

Then if we take c=27, and «=% and substitute these 
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numbers in the expression for the valne of D as before found, 
we shall have 

2f _2x27_ j,_g ^ j^^ ^^ constant 
8 9 

diameter of all cylindrical boilers with these proportions. 

Also L= ~" 

1-S7 

Consequently '955 feet, or 1 1 J inches nearly for each horse 
power, will be the length of the boiler between certain limits, 
dependent npoii connderations respecting the length that it 
is expedient to allow the smoke to traverse in contact with 
the boiler, which hare been the subject of Articles 175, 
&c., of this chapter, and which we shall again have to 
advert to. 

192. The above determination gives a sufficient reason for 
the ordinary practical rule of the Lancashire boiler ma&ers, 
when making cylindrical boilers without inside flues, iu al- 
lowing about six square feet of water surface for each horse 
power, or in boilers of 6 ieet diameter, to make them aa many 
feet in length aa they are intended to be horses power. 

A rule to correspond exactly with the proportione of a 
square yard of heating surface to a cubic yard of capacity, 
will be '955 x 6 = 5'73, or very nearly 5f square feet of water 
sur&ce for each horse power. 

193. Although the mode of measuring the power of a 
boiler by the tffater surface will always give us a correct pro- 
portion for the heating surface of the boiler, yet if the 
diameter be more than 6 fest, there will be more than a cubic 
yard of capacity or boiler room for each square yard of sur- 
face, and if less than 6 feet the contrary. Hence by using 
6'73 as a constant divisor of the water surface, in all cylindri* 
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cal boilers of 3 yards wide, the result will always give us 
exactly the square yards of half the convex area, and at 
the same time very nearly one cubic yard of internal ca- 
pacity for steam and water for each foot in length of the 
boiler. 

The above coincidence between the even numerical results, 
and the results of experience, is a remarkable fact, and 
affords an additional reason for the propriety of adopting 
the cubic yard as one of the unit measures of steam boiler 
power. 

194. The convenience to practical men of adopting round 
numbers as unit measures, when they come pretty near the 
actual values, in all results that only admit of being esti- 
mated, is BO great, that many, perhaps, may be induced to 
suspect, that, in this case, we may have strained the fitcts a 
little on purpose to make them fit the role. But we can 
ksBure our readers that the coincidence just mentioned did 
not occur to us until aAer the first edition of this work was 
printed, or otherwise we certainly would have mentioned it as 
an additional reason for adopting this particular proportion, 
as analogous coincidences were then stated, more particu- 
larly in the first chapter (Art. 5, 6.) And in the second 
edition it so happened that we had no opportunity of making 
either that or any other alteration. Besides it may be suf- 
ficient to state that general rules closely approaching the 
above, have been notoriously in use a great number of years, 
and the facts eorresponding with them are easily proved and 
have been proved in hundreds of instances. 

Although we highly value a' simple methodical system of 
stating the combined results of calculation and observation, 
as being eondncive to the most ready apprehension and easy 
application of all useful knowledge, we are certainly not 
^uch sticklers for mere metbodism as knowingly to risk even 
the smallest deviation from truth, when the latter admits of 
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correct ascertain meD I ; but in physical problems of the nature 
of those now treated of, we are equally opposed to that 
absurd refinement in the use of figures that is too frequently 
to be found in the reports of some of the most eminent of out 
railway and other engineers, especially when they contain 
series of observations for the purpose of obtaining averages 
or striking a mean in the ordinary arithmetical way. This 
ultra ezaclnesB is a practice that is d^ly increasing, and may 
properly be called a sort of scientific superstition, for it 
practically produces more error than the actual errors of 
observation themselves are generally capable of doing *. 

195. For the above as well as other reasons which could 
be adduced if necessary, we would respectfully urge the 
necessity of engineers generally sanctioning either this or 
some other plan equally feasible and convenient as a measure 
of steam boiler horse power. Like the st«am engine horse 
power, it is not at all necessary that it should be an abso- 
lutely exact average of the power of a living horse, but as 
near an approach thereto, as to enable any one not convers- 
ant with the sul^ect, to have a ready apprehension of its mean- 
ing as a measure of force, and at the same lime a tolerably 
correct idea of the amount of power capable of being pro- 
dnced in the boiler indicated by it For this purpose, it is 
also expedient, that whatever difference there is between the 
calculated hoUer horse pettier, and the real horsepower, the 
error should be in excess, as is the case with Watt's steam 
engine horse power, which is, as we have elsewhere stated, 
150 lbs. lifted at the rate of 2} miles an hour, or 33,000 lbs. 
lifted one foot per minute, and which, as every one knows. 



* This may t>e easily proved by tiying almost any of the n 
published reports of important esperimeata by the method of *' least 
squares," when the useless exactness of minute fractions, vhile there are 
errors in the integers, becomes immediately evident. 
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is much moie than the strongest hone can do for anj con- 
siderable length of time. This standard for the steam en- 
gine horsfi power has been vainly endeaTomed to be altered, 
but the comparative incongruity of all other measures that 
have been proposed have been at once seen and repudiated*. 
In the same way it will be found that the mode of estimating 
the power producing qualities of boilers by their cubic yards 
of capacity and square yards of anr&ce, will equally in time 
be appreciated. And it may be mentioned that the object to 
be obtained by this uniformity of measurement is not alto- 
gether unimportant in a alatittical point of view ; the capa- 
city being always the space the boiler occupies, while the 
surface will always bear a certain ratio to its weight and 
consequent expense. 

196. 'It follows from what has been stated, that the correct, 
as well as the easiest method of measuring the heated sur- 
face of cylindrical boilers of any diameter, is to measure the 
area of water surface and divide it by 5i> o' wo™ nearly 
fl'73 ; which will give as the exact area of the lower half of 
the convex surface in square yards; which, after deducting 
any porti<m that may be covered by brick-work of flues or 
otherwise, and adding such portion of the end vertical sur- 
face as may be considered effective heating surface, will re- 
present an exact measure of the horse power of the boiler in 
any ratio of surlace to horse power that may be required. 

Hence we find the very near agreement with truth of the 
various common ruJes in use all over the north of England, 
for measuring the horse power of a boiler by water surface, 

• BruDton'a "Compendium t^Mechatua," and Roberts' " Mechanic' i 
AuiAtni," both State that Boulton and Watt's steam engine horse power 
is 32,000 lbs. instead of 33,000 lifted one foot higli per Diinutei which is 
an error that we respectfully point out to the authors of those two very 
useful and original works, and tiie only works of the kind that the work- 
ing mechanic, a very few years ago, could lay his hands on. 
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and wbicb bare been so much scouted by scientific men. 
We hare before given examples of tbese rules as applied to 
tbe wagOD boiler, (Art. Ill,) in wbicb five square feet of 
water sor&ce is allowed for each horse power, which in the 
ordinary wagon-shaped boiler gives exactly one square yard 
of efiective heating sur&ce for each horse powra, and the 
same result is obtained by applying a Bimilar rule to cylin- 
drical boilers, only substituting fi'73 instead of d for the 
dirisor. 

197. The following is a fonnula for half the convex area 
of a cylindrical boiler, which, as we have shewn, is also 
identical with the area of e&ctive heating surface. 

Slide Rule. 
A [ Diameter of boiler in feet \ Divisor 5'78. 

1^ Convex sutlace, or total 1 
effectiTe heating surface I licngth of boiler in feet. 
in square yards. | 

Example. 

A I Diameter 5^ feet. [ Divieor 5'73. 

B I Convex surface 32 square yards. [ Length 83^ feet. 

EXPERIMENTAL CTLINDBICAL LOW PRESSURE BOILER. 

198. The above example is that of a boiler now at work 
at Mayfield print works, in Manchester. It will be observed 
that the diameter is less than six feet, and of course the ca- 
pacity is less than a cubic yard for each square yard of sur- 
face, but the exact proportion we can obtain from the equa* 
tion (4), Article 190, which is 

.=-^ (6) 

or c=9x6i^-r-2=24'75 cnbic feet instead of 27 for each 
square yard of surface, and the total capacity will be 



by Google 



170 EXPEBIHBNTAL CYLINDBICAL BOILER. 

24-75 X 32-i-27=:29-83 cubic yards. CoosequenUy the boiler 
wag considered to be about 30 horse power, and was ac- 
cordingly provided with a fire-grate of Sj- feet square, or SOJ 
square feet area. But as it was not expected when this 
boiler was started in 1835 that so much as 30 horse power 
would be required from it, the area of the fire-grate was re- 
duced in the first instance, by eovering a portion of it with 
brick-work, to about 24 square feet, or three quarters of a 
square foot of grate to each horse power or square yard of 
surface. The real power of the boiler being then, by For- 
mula 1, Art. 190, reduced to 

VSax 24=27-7 horse. 
With the above proportions, the boiler was worked a few 
weeks, making an average evaporation of 29 cubic feet, and 
consuming 290 lbs. per hour of Lancashire coal of average 
quality, the rate of combustion being about 12 lbs. upon each 
square foot of grate per hour ; the grate bars being l| inch 
thick, and \ inch apertures between them. 

199. Toward the end of the first month, attempts were 
made to burn the smoke upon Parkes'e principle ; that is, by 
keeping a very thick fire, and inflaming the smoke4>y letting 
in fi^sh air at the bridge of the furnace ; which only par- 
tially succeeded when the evaporation was only required to 
be about 24 cubic feet. But as the quantity of steam wanted 
by the works fluctuated sometimes suddenly, up to 30 cubic 
feet and upwards per hour, it was found that it would not do 
at all as a smoke burner, although that system of heavy firing 
wad persevered in for a few days, the average evaporalioQ 
being 27 cubic feet and the consumption of coal having risen 
to about 1 1 lbs. per cubic foot. The necessities of the works 
however soon reqiured a much greater evaporation than this, 
which was attempted by hard firing, and an excellent draught ; 
but the steam could not be kept up, and a very slight injury 
was sustained by the boiler bottom from the intense action 
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of the flame, just in front of the centre of the bridge. The 
fumsce was then enlarged to the fall size of the fire-grate, or 
30 square feet, and then with a fire nearly as thick as before 
we had about the same rate of comhnstion, the coal used 
being exactly 374 lbs. per hour when the evaporation was 36 
cubic feet per hour, the ratio of consumption being thus re- 
duced to little more than 10 lbs. per cubic foot. 

200. The above experiments were made in August I83d, 
after the boiler had been about six weeks at work, and the 
last may be considered as the best effect that could be pro- 
duced for a wlv>le day together, hut could not be kept up as 
an average, as it required careful firing and great attention, 
the steam requiring to be kept exactly at 4 lbs. per square 
inch, for at ii the water boiled over at the feed head, and at 
3^ the engine went too slow. Although by heavy firing 
upon the front portion of the grate and letting in a httle air 
at the furnace door, the very black smoke could be partly 
prevented, it required more attention than the average of fire- 
men could be found to give, and was therefore given up, and 
the system of firing frequently and keeping a thin level fire 
wa3 adopted ; at the same time a few of the grate bars were 
taken out and the remainder equally spaced, so as to allow 
the apertures between them to average i^ths of an inch each. 

After the last alteration the boiler was worked regularly 
77^ hours per week for upwards of aa. months continuously, 
with a consumption of coal varying firom 4 to d cwt per 
hour, the evaporation during that time being seldom so low 
as 33 cubic feet, and fi^quentiy 45 cubic feet per hour. 
Hence the average ratio of consumption was in the first case 
448-r33=13-5 lbs., and in the latter 560-^45=13-44, or 
nearly 12^ lbs. of coal per cubic foot per hour. This con- 
sumption, as in the former experiment, of course, includes 
the whole of the coal used for getting up the steam, waste 
by keeping the lire in all night, &c. 
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201. We hare been thun particular io Blating the progress 
of the abore experimeat, becaase we paid cotiBtant attention 
to it during tbe whole of the winter of 1835-8, and because 
evaporation experiments are now becoming daily of increas- 
ing interest. And we give the details of tkis one case, so 
that any one may judge for himself as to all the <srcnm- 
stances that might influeuce the result, in preference to the 
more popular plan of ^ring a great number of cases and 
then taking an arerage, which, as regards steam boilers, from 
the great variety of circumstances affecting them, seldom fails 
In producing tbe most fallacious results. It is much to be 
regretted that moat of the published statements respecting 
the performances of the Cornish engines, although elabo- 
rately drawn up and tabulated with apparent scientific 
minuteness, are almost useless for reference and comparison 
with tbe Lancashire practice, on account of the peculiar sys- 
tem of clasaificaljon and reducing the averages. And without 
intending in the slightest degree to impeach the accuracy of 
the facts mentioned, or the motives that have induced their 
continual reiteration for several years past, it is imposuble 
not to perceive that the manner in which they are asually 
stated entirely precludes the pos^bility of unqualified cre- 
dence being given to them ; they are too much akin to the 
preriuling practice of the political economists of our modem 
statistical societies, who by artfully classifying and striking 
mean averages are capable of making out reports favourable 
to almost any preconceived opinion whatever. 

202. As an example in the statistics of steam, we shall 
now give a sketch of the boiler we have just been treat- 
ing of, with all the necessary data for drawing just con- 
clusions respecting it, as a specimen for our Cornish bre- 
thren, — not as a specimen of the best Lancashire practice, 
very far from it, but as an example of a fair and honest state- 
ment, which may perhaps draw out some similar statement 
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on the part of the Cornish practice from some practical en- 
^neer, independently of all scientific aathority, (however 
unqueBtiooable,) and also bee irom the certain biaa which 
must necessarily prevail when an experiment is got up for 
the pnipose. For these reasons, it will be sufficient to take 
the particular boiler noticed above, it being decidedly below 
the average of the liancashire practice both in evaporating 
power and economy, although nearly equal in both those 
qcudities to what is usually obtained in the particnlw Irind 
of work that it is used for. It being of the kind now gene- 
raDy used at the various paper-making, bleaching and calico- 
printing works, as well as at many of the collieries throughout 
the cotton manu&ctaring district 

20S. This boiler was purposely chosen of this simple and 
elementary form, and set up in the cheapest and simplest 
manner; that is, upon the " oven plan," so that all altera- 
tions or improvements that it might have been found expe- 
dient to make, either in the setting or the constmction of the 
boiler itself, might be in the shape of additions merely, and 
th^efore capable of being separately proved, both as to first 
cost and profit; and also that observations might be made 
upon it, for a sufficient length of time, without the liability 
to error ariung ftom complication of constmction, or inter- 
ruption from tiie necessity of cleaning ont flues or otherwise' 
It was Ihas made to answer the purpose of a trial boiler in 
order to guide the firm to which it belonged in their choice 
of what kind of boiler to adopt in the erection of new works 
then contemplated by them. 

S04. The following figure represents a longitudinal section 
through the centre of the boiler, fomace and chimney, in 
all respects pioportional except as to length, which is to a 
scale of one-half of that for the depth and width, and fig. 17 
represents a plan, or bird's-eye view, of the fiimace, flame 
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Fig. 16. 



bed, chimney, &c., supposing the boiler to be removed ; and 
the same letters refer to the same parts in both figures. The 
boiler is bnng upon cast iron brackets, riveted to its sides a 
little above the centre, and with broad flanges resting upon 
the top of the side walls, as is shewn in the cross sections 
figures 18 and 19. It is fixed in an inclined position, or with 
a fall of about 8 inches to the front, so that by far the greatest 
proportion of tbe water is brought immediately over the fur- 
nace, as is shewn in figure 16. A is the fire-grate with the 
ordinary Jumace bridge at the end of it, only that the latter 
is provided with a longitudinal aperture, about 2 inches wide, 
communicating by a channel at its bottom, with the external 
air at E, and provided with a valve, so that tbe smoke c^nld 
be consumed upon Parkes's principle, if necessary. But in. 
addition to this, there is also another bridge, B, at about half 
the length of the boiler, which divides the flame bed into 
two chambers C C. The damper plate D, is hung by side 
rods in the short passage leading to tbe chimney, which is 
the only part that can be properly called a flue. The damper 
is inverted, or made to open downwards, so that the current 
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of smoke or hot air is made to pass over instead of wntfer it. 
The octagonal cfaiumey is 30 yards high and 3 feet wide tn- 

Fig. 17. 



side at the top, and intended to be large enough for two such 
boilers, which it eTidently is. ITie following cut (fig. 18) is 

Fig. 18. 



a cross section of Ihe boiler taken through the furnace at A, 
just in front of the fire bridge. This bridge is an inverted 
arch of the same radius as the boiler, and placed 8 or 9 
inches below the bottom of the latter. The second oxjlame 
bridge, B, is principally for the purpose of spreading tlie 
flame and heated air around the convex heating surface of 
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the boiler in a stratum of comparativel; equal thickness, and 
is consideretl an absolutely essentia) requisite when a boiler 
is set np upon the oven plan, and two or three such bridges 
an still more economical. They are usually call^ check 
bridges, irom their tendency to check or impede the rapid 
corrent of hot eut in its passage to the chimney, and conse- 
quently retain the heated gases longer under the boiler, 
which they certainly do, quite as effectually as causing the 
smoke to pass through long winding flues; but this is per- 
haps the least important purpose they subserre. 

Fig. 19. 



The flame bridge is shewn in elevation in fig. 19, which is 
a, cross section of the boiler and flame bed at the middle of 
the length of the boiler. This bridge is an inraled arch 
about five inches from the boiler, and equally distant all 
round. - We may state here, that proper attention to the 
construcUon of these bridges is a matter of conuderable im- 
portance ; sometimes people have done away with them al- 
together, and then an enormous waste of fuel ensues, the 
flame being then apt to divide itself into two currents, one 
on each side of the boiler, and thus run ofi* to the chimney 
without taking mnch effect upon the boiler bottom ; others 
^;ain have gone into the other extreme, and built a continued 
inverted arch from the fire bridge to the end of the boiler, 
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which we need hardly observe, hurries the heated gases too 
rapidly off to the chimney. 

205, Dimensioru of Boiler. — 
LengtI. 33 feet 8} inches l^^j. One-half of the coo- 

Diameter 5 3f J 

vex surface was wholly exposed to the direct action of the 
flame and hot air, except about 4 inches in depth all round 
along each side and across the ends, amounting to about 
1 ■ square yard. The quantity of water worked with was 
15 cubic yards, which was kept uniformly supplied by 
means of the ordinary feed pipe and float ; the tempera- 
ture of the feed water being the same as that of the at- 
mosphere. 

Dimensions of Fire Grate. — 
Length 5 feet 6 inches \ 
Breadth 5 6 f '^^^^ within the bearing bears, and 

within the side walls of the furnace. Fire bars in one 
length, I^ inch thick, -^ inch between each, and set sloping, 
or declining towards the bridge, so as to be 2 feet 8 inches 
from the boiler bottom at the back and I foot 11 inches at 
the front end of the grate. 

The boiler was made by Mr. Fairbaim, of Manchester, 
with the best Low Moor iron -^ thick. It supplied steam 
to a 16-horBe engine, loaded so as to require never less than 
24 cubic feet of water evaporated per hour, also steam for 
heating drying cylinders, boiling water, and a variety of other 
purposes, amounting at times to nearly as much aa the en- 
gine required itself. 

206. Consumption of Fuel.— The quantity of coal consumed 
from the 22d of March at two o'clock P.M. to the 7th of April 
at four o'clock p.h. (during which time the engine worked 
242 hours] was 57 tons lOcwt. 3qrs.,being about 4|cwt., or 
exactly 53Silb6.perhour. l^i^ of course wasthewAo^ofthe 



by Google 



178 BXPBRIHBNTAL CTLtNDBICAL BOILBR. 

fuel used, from which (in order to compare with the CoroiBh 
system) it would only be fair to deduct 15 per cent, for waste 
and consumption during getting up the steam, more particu- 
larly as the boiler stood in an open yard quite exposed on all 
ddes, and with merely a covering of a single brick in thick- 
ness, FeBting on the top of the boiler, and without double 
walls or any of the artifices usually resorted to for husband- 
ing the heat; but to prevent the possibility of cavil upon this 
head, we shall take it at only 10 per cent., leaving 479^ lbs, as 
the net hourly consumption while the boiler was at work ; 
the rate of combostion being nearly 16 lbs. per square foot of 
grate. It is also necessary to add, that during this fbrt- 
night's trial, the fireman, who was only one of the ordinary 
labourers employed in other departments in the works, and 
not the engineer, was left entirely to consult his own ease in 
shovellicg the coals into the fire, which I observed he did 
at periods varying from 6 to 10 minutes, no injunction what> 
ever being laid upon him except that of keeping the steam 
up, and not to allow any to blow away to waste. Conse- 
quently we may safely calculate upon producing at leaBt an 
equal efiect under almost any conditions whatever, 

207. Water evaporated. — ^The evaporaUon was taken fre- 
quently during the above period at different Umes of the day. 
The least evaporation ever required was 33 cubic feet per hour, 
and the highest was 45, the last being frequently made for 
several hours together. 

The mode of taking the evaporation was by allowing 
the feed water to run into the boiler and fill it up S or 3 
inches above the ordinary level, and then to stop off the feed 
until by evaporation the surface subsided to an equal dis- 
tance below, when, by knowing the inside dimensions of the 
boiler, of course the quantity of water boiled away was ascer- 
tained to great exactness, and the time occupied (generally 
from one to two hours) noted. No such thing as a correct 
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water meter for a steam engine boiler has yet been brought 
into use, but an efficient check upon the above method was 
afterivards tried at the same boiler by employing a man at 
the feed head, who actually measured the water from a cis- 
tern erected for that purpose. 

TAZLB3 OF DIHENSIONS AND PBOP0STI0N8 OF LOW PBESSURB 
CTLINDEICAL BOlLESa. 

208. From the equation (4), Article 191, we obtain the 
following rule for all cylindrical boilers with flat ends:^ 
Divide the cubic feet per horse power, by the square feet 
per horse power, and the quotient is half the diameter of the 
boiler. Hence a boiler of — 



Cubic feet. Sq.feeL 
33 -f- by 11 per 

30 10 

27 9 


H.P..... 


= 8 


24 8 

21 7 




= 3 
— 3 


83 -^ by 12 per 
27j 10 


H P 


= 2J-| 
= 2} 


22 ... 8 . . 




— 2J 


16J- .... 6 




— 2JJ 


30 -r- by 12 per 

27i 11 

25 10 

22i- 9 


H P 


=2n 

= 2J W 2 = 5 feet diam. 

-2i- 








27 -i- by 13J per H. P. 
24 12 


= 2 ~ 


20 10 

18 9 




= 2 y X 2 = 4 feet diam. 
— 2 


12 6 




.. = 2 . 
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Cubic feei. Sq. feet. 

24 ^byieperH.P = H'] 

21 14 -H \ 

18 12 = li ;- X 2: 

13i 9 = li j 

9 6 = liJ 

22^-5- by 18 per H.P = If 



Hi 9 = U 

10 8 = IJ 

12 -J-bylSperH.P ,= 1 ^ 

9 9 = 1 "> 

6 6 = 1 



I 2^ feet diani. 



X 2 = 2 feet diani. 



The above tablets will be found nseful for boiler makers 
to refer to, wben about to make cylindrical boilers of any 
of those proportions, and which include all that are ever 
likely to be wanted. When the diameter is thus fixed on, 
the length for any horse power may be found Irom the rule 
in the next article. 

209. From the eqnatloD (5), for the length of the boiler 
(Article 191), we hare the following rule: — Multiply the 
horse power of the boiler, by the square feet of heating sur- 
face per horse power, then divide this product by 1*57 times 
the diameter, and the quotient is the proper length of the 
boiler in feet, for the given horse power ; such boiler having 
that proportion of capacity to surface, which is found with 
the correspondiog diameter, in the preceding article. 

210. This rule put into a formula for the slide rule will 
stand as follows : — 

A t Length. | 6q. feet of heating surface per H. P. 

B I Horse power. | Diameter x 1'57. 
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Example, — Suppo^ the dianteter of the boiler is 5^ feet, 
the divisor for that diameter will be 5^x r57=:8'63; then 
if we sappose the area of the heating surface per horse 
power to be 9 square feet, and conseqaeDtly the capacity of 
the boiler will be (Art. 208) 24| cubic feet per horee power, 
then will the line B represent a aeries of boilers of various 
powers, and the line A the correeponding lengths of those 
boilers respectively, as follows : — 

A I Length 24 37^ 50. | Areaof heating sur&ce=g. 

B I Horsepower 28 36 48. ] Divisor =8-63. 



211. By the use of this formula, the following tables were 
calculated purposely for the use of boiler mahers, who will 
find in them, by inspection, the horse -power and correspond- 
ing JenjrtAs of all the usual sizes and proportions of lowpres- 
sure cylindrical boilers, without inside flues ; and any other 
size or proportion, not in the tables, can be easily obtained 
by the same means, or more exactly by the aritfameUcal rule, 
Article 209. 

Mechanics have long been in possession of what is called 
the " Millwright's Table," therefore we have ventured to de- 
signate the following the Boner-Maker's Tables, and which 
we hope will be fonnd equally useful for reference, not from 
any presumed difficulty in the calculation, as that is but 
trifling, but for the convenience of baring a great number of 
calculated results presented tothe eye at once; a plan w^ich 
is always found to be of considerable assistance in facilitating 
decision on the choice of a boiler for any particular situation, 
among several that are nearly about eqnally eligible. These 
Tables it is also presumed, will not be without their oae to 
the Factory Architect and Engineer, who sooH&oes allow 
the boilers to be placed in any out^tbe-way comer that 
thet/ think is fit for nothing da^ or as a matter of little 
importance; the ctataoqpamtm too firequ^tiy is, that the 
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boilers are obliged to be stowed away under ground in order 
to get sufficient room,— hence the usual but too true tenn, 
the " Fire-hole." There can, however, now be no excuse 
for planners of lactones, if they give rise to the almost con- 
stant compltdnts of want of boiler-room. The cUmensious in 
the fourth column ofTable I, will be found amply sufficient 
for all other kinds of land boilers, as well as cylindrical ones; 
for the latter those in the third column are sufficient, and ^or 
reasons which we have frequently given in the course of this 
work, generally to be preferred. 

212. Boner-Maker's Tablet:— The first seven of the fol- 
lowing Tables are for the purpose of finding the lengths in 
feet of low pressure cylindrical btnlers of various diameters 
(without inside flues), and of various proportions of heating 
surface and capacity for each horse power fix>m the equation 
(5), Article 191, which is 

the value of a D, or 1*57 times the diameter, being the divi' 
flor by which the length can be found for any number of 
horses* power not comprised in the Tables, as directed in 
Articles 209, 210. 

Also, s = the heating surface in square feet, and c = tbe 
capacity in cubic feet for each horse power. 
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Diameter 6 feet. 

Divisor 9-42. 



Hone 
power. 


„,„. ., .0,™ „ ™. 1 


e-8* 


«=9 
c=S7 


i-lO 
c=30 


• =■11 
e-8S 


40 


34 


38 


42 


47 


38 


32 


36 


40} 


«}, 


36 


30i 


34 


38 


42 


34 


28} 


32} 


36 


39} 


32 


27 


30} 


34 


37 


30 


25} 


28} 


32 


35 


28 


23} 


26} 


29} 


32} 


26 


22 


24} 


27} 


30 


24 


20} 


23 


25} 


28 


22 


18} 


21 


23} 


25J 


20 


17 


1» 


21 


23} 



In uMng the above Table, it must be borne in mind that 
two boilers, say for instance two of 20 horse power each, 
are not necessaiilj' equally eligible with one of 40 horse 
power, in respect of economy, altboi^h of eqnal power. 
The economy depends entirely upon the mdde of setting 
up, for which see Articles 180, 181, and the four general 
rules in Article 183. 
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Diameter .. 
ZHvitor 



. 5| feet. 



Hwie 
Power. 


™™„.,,.^,.™. 1 


i-e 

..161 


e~S2 




i-IO 
can 


10 


28 


87 


42 


46 


38 


26J 


36 


39J 


44 


36 


25 


33i 


37J 


42 


34 


23i 


m 


35t 


39t 


32 


22 


29i 


33} 


37 


30 


21 


27J 


31 


34} 


28 


19i 


26 


28 


32} 


26 


18 


24 


27 


30 


24 


161 


22 


25 


27} 


22 


15( 


20} 


23 


25} 


20 


14 


181 


21 


23 
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Diameter ...5 ft 
Divisor 7*8 



Horn 


™™„,^..™. 1 


1=6 


i=<8 
c-80 


.-9 
—Ml 


(-10 
e-S6 


40 


30J 


41 


4« 


91 


38 


20 


39 


43J 


48* 


36 


27i 


87 


41* 


46 


34 


26 


35 


.80 


43J 


82 


24i 


88 


361 


41 


SO 


23 


30^ 


841 


38 


28 


21J 


28J 


32 


851 


26 


20 


26i 


30 


83 


24 


18} 


241 


271 


801 


22 


17 


22! 


25* 


28 


20 


m 


20i 


23 


261 


18 


ISJ 


181 


20i 


23 
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Diameter ...4 feet 
Divisor 6-28. 



Hone 




™™„« 


™.„^. 




c-ie 


c-ia 


»-9 

c-18 


.-w 
c-SO 


36 


341 


46 


82 


58 


84 


S2J 


43} 


40 


54} 


32 


30i 


41 


46 


61 


30 


28J 


38 


43 


48 


88 


27 


35J 


40 


46 


26 


26 


33 


37 


41} 


24 


23 


SOJ 


34 


38 


22 


21 


28 


Sli 


35 


20 
18 


1» 


25} 


284 


32 


m 


23 


26 


20 



213. The next three Tables conttun proportioiis that are 
^most impracticable, if used for boilers, bat they are ii)Ben«d 
because they may be found useful in estioiating the value in 
horse power of inside fiues. 
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TABLE a. 
Diameter, 3 feet Divisor, 4'71. 



Hone 

Power. 


!.»«. 0> >.,L.. I. nx. 1 


1=6 


1=9 

o-iai 


J-I8 
= 18 


30 


38 


57 


76 


28 


35i 


531 


71 


S6 


33 


49i 


66 


a 


30i 


45i 


61 


22 


28 


42 


56 


20 


25i 


38 


51 


18 


23 


341 


46 


16 


20i 


30) 


41 


TABtE 6. 


Horn 
Powr. 


mm OF .o^i II .». 


t-6 

c-6 


1=9 

c=9 


» = 18 
c-lB 


20 


38 


57 


76 


16 


30J 


454 


61 


12 


23 


34 


46 


U 


21 


3IJ 


42 


9 


17 


261 


34 


7 


ISi 


20 


26i 


5 


Hi 


14 


19 
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TABLE 7. 

Diameter \foot. 

DivUor r87. 





„.,™o,»,^»™. 1 


Poner. 


1=6 
e=S 


'-H 


;;;» 


6 


19 


28J 


38 


4 


15 


23 


80i 


3 


lit 


17 


23 


2 


7i 


Hi 


15 


1 


3J 


5} 


n 


i 


2 


3 


4 



214. From what is before stated, there will not be the 
least difficulty in appljiog the above Tables to practical use 
for the particular kind of boilers they are meant for, that is, 
plain cylinders without inside flues. 

The first your Tables contain the dimensions of all that are 
likely to be wanted in any case, if not the first ttffo; and 
perhaps the first Table alone contains all that ought to be 
recommended generally, but they are all inserted here for 
the purpose of ready reference in estimating roughly the 
horse-power of any boiler we may meet with, wheUier of 
good or bad proportions, while the exponential letters s and 
c for surface and capacity, at the top of each column, indicate 
what those proportions are. 

215. Boiler maker's Tahles for Jlued boilers. — ^Tables 5, 
6, and 7, besides contuning the dimensions of small high 
pressure boilers that are most fi^quently to be met with, 
also serve to indicate roughly the value of inside flues: — 
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Thus, if we bare a boiler of 6 feet in diameter, and 19 to 
20 feet long, we shall find by Table 1, column 3, that in 
order to have 9 square feet of effective surface to 27 
cubic feet of capacity for each horse, it wil! be about 
20 horse power ; but suppose it contains a cylindrical flue 
of 2 feet diameter, then look into the Tables for boilers of 
2 feet diameter, which is Table 6, and we there find the 
length in the column for 9 feet of surface per horse, wbicb is 
column 3, opposite to which is 7 horse power, for the value 
of the flue, consequently 27 horse is the power of this boiler, 
80 &r as depends upon heating surface. But so far as tlie 
power of the boiler depends on capacity, of course it is 
'diminished by the capacity of the flue, which appears from 
the proportion 8tat«d at the head of the column to be only at 
the rate of 9 cubic feet, or ^ of a cubic yard per horse power, 
therefore we must deduct one-third of seven horse power 
from twenty, leaving nearly 18 horse power for the boiler, 
BO far as depends on capacity. 

216. Now it is evidently of no consequence in considering 
the combined power of two boilers, whether they are placed , 
alongside each other or end to end, or one inside the other, 
for in the latter case, that is, when the smaller boiler 
becomes a flue, the fire only acts upon the upper half of the 
internal instead of the lower half of the external surface. 
Therefore in all cases of boilers containing inside flues, the 
latter may be calculated as separate boilers from the shell or 
externa] case, and the horse power of the compound boiler 
will always be equal to the sum of that of both boilers so far 
as depends on surface, and to their difference so far as 
depends on capacity, and this principle forms the foundation 
for the Tables for flued boilers. 

217. The above computation is sufficient to shew the 
manner in which the power of a flued boiler may be roughly 
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estimated by inspection of the foregoing Tables, when it is 
within the range of dimensions and proportions they contain; 
but for an exact evaluation of the powers of those boilers 
moie extensive Tables are necessary, specimens of which we 
shall give, abstracted from larger ones which we expressly 
constructed and arranged, and hare long nsed for this pur- 
pose. These Tables include nearly all the sizes of Sued 
cylindrical boUers that are now made by the best makers for 
&ctoiy en^ee; and by means of the various simple formulae 
font the slide rule in Articles 220, 221, or the arithmetical 
roles in the next Article, by which we original!^ calculated 
them, they admit of being vety easily extended to all sizes 
and proportions whatever. 

218. The Tables 8 and 9 are calculated in square yards 
of effective heating surface and cubic yards of total capacity, 
without any reference to the horse-power, which latter may 
be in any other proportion besides that which we have re- 
commended. But assuming for the present that this parti- 
cular measure of surfiice and capacity is also the measure of 
a boiler horse-power, the tables are thus used : — Suppose we 
have a cylindrical boiler of 32 feet long and 9 feet diameter 
and we wish to put a due into it of such dimensions as will 
be^ it in the proportions mentioned ; we first find in Table 
8, in the vertical column for 9 feet diameter, opposite to 32 
feet in the left-hand column for lengths, that the eSective 
heating sur&ce and the total capacity are 60 square yards 
and 75 cubic yards respectively, and that the difference 
between these two numbers is 25, which is in the same 
square, but in the horizontal line of figures marked " dif." 
Now this difference is the guide or index number t{> point 
out the proper due in Table 9. This due we wUl suppose 
to be of the same length as the boiler itself; we therefore 
look £» it in the horizontal column for flues of 33 feet long, 
and in the lower line of figures in that column, marked 
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" Bums " we find our index number 2& in the vertical column 
for fines of 36 inches diameter, whicb is tbe size of the fiue 
required. At the upper comers of the same square we have 
also the numbers 17 and 8 representing the suriace and capa- 
city of this flue in the same denominations as those of tbe 
boiler, the sum of which is the same as the index before 
found. The first of these numbers being added to and the 
second subtia«tfi(t from the numbers before found for the boiler, 
pve us the horse-power of the complete flued boiler as 
follows : t^ 

fi. ft. sq. yds. cub. ydi. 

Boiler 32 by 9, surface 50, capacity... 75 

Flue. ..32 by 3, do 17, do 8 

Horse-power 67 67 

Arithmetical rule. — ^The heating suriace tbe same as in 
the Tables may also be found by multiplying tbe length of 
tbe boiler in feet by its diameter, and dividing tbe product 
by 5*727, the quotient is tbe surface in square yards. 

Tbe cubic content or capacity is found by multiplying the 
length by tbe square of the diameter, and dividing the pro- 
duct by S4'436 for cuhtc yards, as in Tables 8 and 9, or by 
27 for cylindrical yards, as in Tables 10 and 11. 
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TABLE 8. 
The areas of effective heating surfeice in square yards, and 
capacities in cvHc yards, of cylindrical boilers adapted for 
inside fines. 

Divisor for Surface 6*73. 

Gauge point /or Capacity. . 5*86. 



•=1 

n 


DIAMETER OF BOILER IS ^ET. 
7 71 S 91 ' 9 


Sq. Cub. 
yd» ,6,. 


Sq. Cub. 
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20 
dif. 


24 28 
4 


26 S3 
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28 37 
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30 42 
12 


31 47 
16 


S2 
dif. 


27 31 
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29 86 
7 


31 41 
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38 46 
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35 62 
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29 34 
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31 39 
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38 44 
11 


36 50 
14 


38 56 
18 
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84 42 
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36 48 
12 
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41 61 
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28 
dif. 


34 40 
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39 45 
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44 55 
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54 75 
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28 


60 90 
30 


40 
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49 57 
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52 65 
13 


56 74 
18 


59 84 
25 


63 94 
81 
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TABLE fl. 
The areas of effective heating surface id square yards, and 
capacities ia cubic yards of Sues adapted to the boilers 
in Table 9. 

Divisor far surface „ 573 

Gauge point for capacity 5'86 
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TABLE 10. 



Tbe areaa of efieetive healing aoi&ce in tguare yards and 
capadtiea in cj/lwdrical yards, of cylindrical boilers 
Adapted for inside fines. 

DivUor for surface 5'78 

Gaujfe point for eap€Mity 5*3 
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TABLE n. 

The meas of eCective beating surface In s^tiore yards, and 
capacities in cylmiru^ yards, of iaside flnes adapted to 
the Boilers in Table 10. 

Divisor /or suiface „ ™. ..,..., 5*73 

Gauge point Jbr capacity 5*2 
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219. From the above example it will be perceived that the 
rerene lesolt may be almost as readily obtained by an in- 
spectioQ of ibe Tables ; tbal is, the dimeusioDS of a boiler to 
smt any given size of flue ; and also both the latter may be 
found to suit any given horse-power, and one of the dimeo- 
MODB of the boiler may be given if required, as in the fol- 
lowing — 

Example. Suppose we want to make a flued boiler of 50 
horse-power and of 8} feet diameter, we must look down the 
column for that diameter in Table 8 until we find the nearest 
boiler with a suitable flue in the corresponding column of 
Table 9, which is that for 36 feet long, and the particulars 
of which are below: 

Ft. Ft Sq.ydk Cul>.y4«. 

Boiler 26 by S J, surface 38, capacity 54 

Fine 26 — 2i, do 11, do 5 

Horse-power 49 49 

Now here, although the exact result for 50 horse-power 
is not obtained at once, it arises from the Tables only being 
calculated to the nearest whole numbers for each two feet in 
length; and the difference can be easily allowed for. In the 
above example, if we examine the next square below in the 
same manner, we shall find it to give the result of 54 horse- 
power, or 5 more for a boiler two feet longer, being at the 
rale of nearly 5 inches for each additional horse-power; 
hence th^ corrected length of the boiler will be 26 feet 5 
inches for 50 horse-power. 

220. The theory of the construction of these Tables will 
be readily understood if we refer to the equations in article 

191, fi-om which we obuin — -— = the area of the effective 
heaUng surface in square yards or — ' 
1-5727 D L _ PL 
9 ~ 5-727 
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i = the capacity in cubic yaids, or 



D'L 



54 34-4S6 

From these two expressions we derive the following for- 
mulae for the slide rule, by which Tables 8 and 9 were 
recalculated. 

PORUOIA 1. FOB SURFACE. 

A I Divisor 5*727 | Diameter in feet. 



B I Length in I'eel ] Surface in sq. yds. 

The next fonnula is derived from the algebraical expres- 
sion in exactly the same way, but as the square of the 
diameter is one of the factors, it is more convenient to use 
the diameter itself on the line D ; and instead of the divisor 
34-436, its square root 5'86 may also be used on the line D 
for a gauge point, as below : — 

FORMULA. 2. FOR CAPACITY. 

C I Length in feet ( Capacity in cubic yds. 
D j Gauge point 5.86 | Diameter in feet. 

2SL Tables 8 and 9 are calculated by the above two 
formuhe, and the surges in Tables 10 and 11 are also 
calculated by formnla 1 ; but the capacities in the last two 
Tables being different, they required a different gauge point, 
which is obuuoed by reducing the divisor (34*430) in the 
original expression for the capacity iu cubic yards, in the 
proportion of I to '7854 ; the divisor then being a whole 
number, the expression becomes extremely simple, it is then 
D'L 
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and is well ealcnkted for an arilbmetieal rule*, aoid the 
Bquare root of this oew dh-isor, 5*196 (say 5*2) is the gauge 
point for cj'Iindrieal yards to boused in tbe same mannei as 
before, namely: — 



* Tba Trie in voidi, is to tiHMply the iquaie of die diameter bj tiw 
lengUi, and dKide bj S7i oad the i|notiBnt b the cubic coDtenti of tba 
boiler in cyiir>4rieat yei^. A trrliBdiical yaid u 27X-78M=21.2 cubic 
feet; and although ne coneider it too little, it is about the proportion of 
boiler room pei hone power used bjr many engneen, hence the useful- . 
nets of a feadj arithmetical mle for it. Moteower, as the nse of diciAa 
dimenaions in measaring circntar thingi, tuch as boilen aad cyfinders, is 
so much more prefenble and natural than the usual way of multiplyii^ 
tbem by -78M in order to tednec then) to sqaaie meaaure ; md as it ha» 
always beek so mocb appKTed by pnctieal mechaqica. we cannot avoid 
endeaTOnrit^ to extend lo useful a ptactice by recommending a method 
of sqnariag ceit^n fractional namben mentally, which we liave h>Dg used 
and fonad a great comenience. It is no doabt well known to the 
teachers of mental arithmetic. It has bc«n called, although somewhat 
inappropriately, 

7^ Bute ef tqwtring by hahei. 

To maltiply S{ by 3f, we say 3 times 4 is 13, and odd a qoarter, make* 
IS^, which is the square of 3}. In like manner to square 4|, we say 
4 u'roes £ is SO, and add i as before, which makes 20}, Thus always 
multiplying together the whole number abome and ttie whole ruimber 
beloui the fractional number to be a(|uared, and then addii^ the constant 
fraction | to the product. This rule is easily retained in the memory, 
and its use may be iHustrated by ^tplication to the rule for boilers in the 
t>xt; f(ff instutce, a boiler fi^ fefltttiameter has 5^ s(|aBred, oifix6-4-{ 
^:303 cylindrical yards capad^, provitfed it is 27 feetlong, and of course 
at 13| feet long, it has l&i cylindrical yards, and so on. When cubic 
yards is the measure wanted, then the other diviaor 34'43 is the length 
to be used; thus with that length, a boiler of G) feet diameter contains 
6x7+i=42J cubic yards. Numerous other useful applications of this 
ride occur daily to the practical engineer, in estimating the strength of 
beams, ropes, fee, proportioning steam and water-pipea, estimatuig the 
weight of stones, &c. 
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FOBHDLA 3. 
C I Length in feet | Cylindrical yards capacity. 
D I Gauge point 5'2 { Diameter io feet. 

EXAMPLES IN USINO THE TABLES. 

S23. Ex. 1. Required the rise of flue, and the hone 
power of a cylindrical boiler 23 feet long by 6^ feet diameto', 
allowing a square yard of surface and a cylindrical yard of 
capacity for .each horse power i 

Amtcer. In the Tables 10 and 11 we find the — 

Fcit Feet. Si).7d*. CyL;di. 

Boiler 22by6i, surface 25, capacity 36 

Flue 22— 2, do 8, do. 3 



Horse-power... 



Ex. it. Suppose that a boiler of the same external dimen- 
sions as the last is required to hare two small inside flues 
instead of one lai^ one, and retain the same proportions of 
surface and capacity, required their dimeosionB and the 
horse power of the boiler ? 

Atuteer. Here we tabe half the index number, or 5^, 
which would take us a little beyond the range of the Table, 
the lowest sum for that length of flue being 6, and the 
diameter 15 inches, therefore about 14 inches will be nearly 
the diameter required, and the result will stand as follows: 

Feet. Sq. y<t>. CyL ydi. 

BoUer 32 by 6^ feet, surface.... 25, capacity 36 

J 22 — 14 inches, do 4$, do J 

2fl"es ts2_i4do do 4$, do J 

~H .T^ 

Horse-power 34^ 34^ 
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Now, in Betting up a boiler of this kind in the common 
way with side flaes, of course the two seating waUs talie op 
a portion of the area of the bottom soriace, which is oot 
taken into accomit in the above calculation ; hst it can he 
easily made ap for by carrying the walls of the ude flues so 
much farther up, or quite to the level of the centre of the 
boiler, the surface of the water bcang, on aceount.of the flue, 
flo much higher. 

Ex. 9. Suppose a fire box boiler -of SO feet long and 
9 diameter is to have 3 flues, each 34 feet long, required 
the dimensions and horse power, allowing a cubic yard of 
capacity and square yard of surface per horse ; and suppos- 
ing the sides, &.C , of the fire box to add as much to the 
capacity andsiirfaee of the boiler as it takes away ^ 

Antwer. By inspecting Table 8 we find 24 to be the index 
number, of which we take the third, or 8, and seek it in 
Table 9, among the flues of 24 feet long, where, it is found 
under those of 18 inches diameter as follows: — 

Feel. Feet Sq. ydt Cub. yrf». 

Boiler 30by 9, surface 47, capacity 71 

Sflues 24— H, do... 3x6= 18, do 8x2= 6 

Horsepower..- — 65 65 



CJSCCLAR BOILERS IN STEAM PACKETS. 

223. We have been induced to extend the consideratioit 
of the dimensions aud proportions of the cylindrical boiler, net 
from any expectation that it will ever supersede the wagon- 
shaped form, as applicable to the low pressure Boulton aud 
Watt land engine, but because as the practice of working 
engines to sorae extent expansively, and consequently at a 
higher pressure, is sure to prevail in some situations where 
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fuel IB GxpcBStve, the cylindrical form will no doubt come 
more generally into use: and where high pressure non-con- 
densing engines are obliged to be used, this boiler with 
hemispherical ends becomes absolutely indispensable. . 

Moreover the facility with which this kind of boiler can be 
made, is a great inducement for cheap boiler makers to re- 
commend it in preference to .all others, just as we find cheap 
engine makers frequently recommending high pressure en- 
gines, in which unskilM workmanship is so easily made up 
for by a little more pressure ; it is therefore the more neces- 
sary that rales for obtaining the best proportions should be 
attended to. 

224. That cylindrical boilers, or a form approaching 
thereto, will eventually be generally adopted in steam 
packets, scarcely admits of a doubt ; for whether the in- 
creasing number of accidents arising from the bursting of 
marine boilers cause some governmental regulations to be 
enforced or not, it is certain that the owners of steam 
packets will sooner- or later find sufficient reason to adopt 
such form of boiler as is most permanently conducive to their 
own interests, and those interests are of course best secured 
by the avoidance of all risk of danger to life and property. 

Now it is a fortunate circumstance that the safest and 
strongest marine boiler that has yet been adopted is at the 
same time the most economical. We allude to the circular 
marine boiler with several tubular flues ; it is a modification 
of Mr. Booth's locomotive boiler, but with the tubes of 10 
to 15 inches instead of three inches diameter, and made to 
return once over the lop of the main or furnace flues to the 
chimney, which is fixed near the fitmt eud of the boiler. 

225. We were the first to recommend this kind of boiler 
to the notice of the boiler makers and engineers in Lanca- 
shire, immediately afler the success of Mr. Booth's boiler, on 
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the Liverpool and Manofaeater railway. And aldiongli einee 
that time we bare never ceased to ni^ its genwal adoption, 
but particularly for steam packets carrying passengers, socb 
is tbe. inveterate conservative spirit of tile managers and 
engineers of most Steam Packet Companies, and so de- 
termined is their opposition to the least inroad being made 
upon the old beaten track they have been used to, that com- 
paiatively very few have yet got into use. A bigoted ad- 
herence to old established plans is tbe greatest hindrance 
Uiot at present exists to improvement in steam navigation. 
This oppontioQ is not g^iendly found amongst the worlcmeo, 
who are usually sufficiently alive to the importance and ne- 
cessity of adopting every real improvement in the present pro- 
gressive state of steam navigation ; it belongs altogether to 
tbe under managers, or " men in office" ; and it is the more to 
be regretted that this disinclination to move onward, althou^ 
masked under an appearance of prudential regard ibr Hi&r 
employers' interests, when examined into, is almost tivmys 
found to arise from some vague and undefinable fear <i( some 
possible unforeseen trouble to themselves individoidly, — the 
peal vis inertue of being well off and " let well alone,"— tiie 
all pervading disease of the servants and managlisrs <A most 
large companies. 

338. To the enlightened dureotors and managers of the 
Dublin Steam Packet Company, however, the public is in- 
debted for the only extensive introduction of the kind of 
boilers above described, that company having sow several 
very lai^e vessels furnished with them, some of them having 
been in constant service for years with unvarying success ; 
amongst wbicb we may mention the " Royal William" as 
having been recently on tbe New York station. 

When we speak of these marine boilers as cylindrical, &e 
cxpresfflon is not quit« correct, as very few have been made 
th^ are exactly circular in section ; they are more generally 
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a sort of oTsl ; but tie inside Haee, with -the CKCeption of tbe 
furnace, are uoironnly cjlicdrical. They are generallj' called 
circular hoiierg ; which is, perhaps, sufficiently efaaraeterisUc 
of their form ; the ti^ and bottom of tbe outer ^i^, as well 
as neu*]; all the interna] parts, ben^ described by arcs of 
citcleB. 

THE BIVETISa MACHINE. 

227. It is indispatable that Iha (areolar marine boila^ if 
properly proportioned, are at least ftilly as economical as tbe 
ordinary square form with continuotu winding flues ; and if 
equally well made, are' decidedly stronger, and -consequontly 
safer; and we are going to shew that they not only admit of 
being quite as well made, bat a great deal better than the old 
square form. Tins arises from the peculiar facility with 
which tbe plates of all kinds of .dnmlar work admit of bong 
rivel«d by means of the riv^ing maehme. 

We consider that the invention of this msK^lune bids ftir 
to jcreate a new era in the pradico of boiler making ; and the 
Tery liberal manner in which it hut b«en introduced to the 
trade generally, by tbe iurentors and proprietors, Messrs. 
Fairbaim and Co., the well known eminent eBgineers of 
Maacb^ter, and of Blackwall, London, is deserring of the 
bigbeet encomiums. Prc^eted by the monopcdy of a patent, 
they were fairly entitled to the exclusire nse of the machine 
to their own great asd maiuieiit advaidoge ; ustead of which 
ihcy Uberally supply it to, all 1^0 wish to take adraDtage 
ofiU 

338. Tbe various machines already wdl knowti to boil«' 
makers for puttchii^ the rivet holes in the plates, and for 
bending the latter to the proper form, together with the 
recent addition of the riveting machine, now form a com- 
plete system of what Dr. Ure would call automatic machinery,, 
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that is unequalled for simplicity, power, and efficiency, and 
impOBsible to be surpaseed in importance. At Mr. Furbaim's 
works, a boiler of considerable size has been made in one day 
by the assistance of this machine ; and with the exception of 
closing in the ends (which of course requires to be done by 
hand) entirely without noue; which latter peculiarity is of 
no small importance in the centre of a large town, such as is 
the situation of Mr. Fairbtum's Afanchester works. 

The impossibility of overrating the importance of this inven- 
tion will be at once manifest, when we state that it has already 
rendered two establishments in Lancashire capable of tuming 
out between them a boiler per day of almost any required 
power; which assertion, if it had been uttered three years 
ago, as a prediction of something within the range of future 
possibilities, would hare been treated as the wildest romance. 
The other establishment which we have alluded to as having- 
a riveting machine at work is the Soho iron-works and 
steam-engine manufactory of Benjamin Hick, Esq. of Bolton. 
There are also many other establishments to which Messrs. 
Fairb^m and Co. are supplying the machines, and which 
will probably be at work before this account is printed. 

229. In a national point of view, and particularly in the 
aid which will be afforded by this machine in supplying safe 
high-pressure boilers to nur future steam navy in case of war, 
the subject is of intense interest Great as were the im- 
portant discoveries of the French chemists in the manufacture 
of gunpowder at the period of the revolution, they sink into 
insignificance when compared to the improvements by Eng- 
lish mechanics during the last ten years, not in steam 
machinery alone, but in' iooh for making machinery. The 
amazing facilities of production brought about by the various 
recent modifications of the planing machine, (of which the 
millwrights of twenty years ago were entirely ignorant,) are 
a sufficient warrant for this assertion. And it is not too 
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-much to say, tbat the two engineering establiBhments above 
mentioned, by a highly judicious selection and application 
of the modem improvements in machine-making tools, are 
now capable of turning out steam-engines and boilers to a 
greater amount of power in an equal space of time, than 
the whole of England besides could have produced a 
quarter of a century ago. In addition to this, when we 
consider the modem resources of iron ship-building, a bu- 
siness which has been extensively carried on by Messrs. 
Fairbaim and Co. for several years, we shall not have to 
r^et much the decay of our " wooden walls" in the event 
of anodier war*. 

230. If the results obtainable by the riveting machine 
were those exclusively or principally relating to dispatch 
only, at the expense of produtnng a less perfect article, the 
above encomiums would be perfectly unwarranted; but the 
fact is, that the execution of the work, like that produced by 
the planing machine, is superior in every respect to that ef- 
fected by hand labour. That the superiority of both these 
machines in this respect are alike dependent upon principles 
connected with a new process, and not as in our numerous 
French and American patent pin making, card making, and 
spinning machines, a complicated, and consequently feeble 
and ineffectual imitation of manual operations, it wouldnot 
be difficult to prove ; but this essay not being intended as a 
complete treatise on every branch of the budness, we cannot 
extend this chapter farther by a description of the boiler 
making machine; and it is the less necessary, as the pa- 

• A writer in the last number of the " American Journal of Science " 

. remarks, that *' nothing but a steam navj can protect itself, much less a 

nation, from insult," and declares it to be " preposterous and absurd for 

any nation to exhaust its resources upon so useless and lumbering a 

thing as a tailing ship of war." 
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tenlees hate published a descriptive circutir with drawings, 
k,c^ which may be had on application, gratis. The same 
thing ma; be said of the boiler cleaning ntackine, and most 
other machines for which there are pateots, mentwoed in the 
course of this work. 



lh;,GOO<^IC 



CHAPTER V. 

ON THE iJfepOSITION OF 8BIHHENT, AND INCBUSTAnONS 
OF BOILEB SCALE. 

-931. The practice of allowing six or seren feet of water 
gnrfitce per borse power, and of making the Ixnlera ra^er 
wide and shtUlow, prerails in many places where the water is 
more than usually dirty ; and the reason generally given for 
it is, that the sediment, by heang deposited orer a larger 
surface, is proportionally so much Jess in thickness, and 
therefore the boilers are enabled to work for a l<Higer period 
without being cleaned out. 

Now, plausible as this notion may appear, the parties who 
first conceared it, most certainly coald never have personally 
examined the inside of a boiler after it had been at work ; for 
the &ct is, that t^e sediment nerer is, in any case, thus 
spread equally over 'the boilw bottom, bat is always found 
Aoeumnlated in one or more heaps (principaOy in one heap) 
ia some ^iet com^ of the boiler, ot where the water 
happens to b» the least agitated. Even Mr. Farey, in hie 
excellent treatise on the steam-ei^^e, recommends that the 
bottom surface should rather be too much than too little, and 
gives a similar reason to the above, adding, that it is the 
most effectual means of obviating or diminishing tlie evil of 
bad water. Trivial as a niiscpnceptios of this kind may at 
first sight appear, its effects are not so, and it is not so easily 
removed as one might at first suppose. But as a proper 
understanding of this subject is of the very highest imports 
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aiice, in respect of its bearing upon the subject of explosions, 
and any neglect in attending to it being frequently productive 
of the most calamitous consequences, we shall, at the risk of 
being thought tedious, gire a short explanation of the prin- 
cipal &cts concerned. 



DEPOSIT OF SEDIMENT. 

232. All natural waters, with the exception perhaps of 
rain-water, hold various foreign matters both in solution and 
suapension : when in the latter slate, ihey admit of being 
removed by filtration ; but any system of filtration, on a scale 
sufficiently large to supply a moderate sized steam-engine, 
would be found to be very troublesome and expensive. From 
the tendency, however, which the sediment has to accumulate 
in heaps, as already stated, it is only necessary to place one 
or more vesseis within and amongst the water of the boiler, 
when the tehole of the sediment will very soon deposit itself 
within such vessel or vessels, provided, of course, that they 
are of sufficient capacity to hold it all. This is, in fact, 
nearly the whole of the principle of Mr. Scotfs patent in- 
vention for preventing steam boilers fi-oin becoming foul *. 
The late Mr. Tredgold was, no doubt, well acquainted with 
this principle, as he recommended that a portion of the boiler 
should be partitioned off by a division plate, extending across 
the water chamber of the boiler near to th« back end, and 
reaching nearly to the surface of the water, into which, he 



■ For th« specification of this patent, see the " Kepertory of Arts," 
(new series,) vol. yii. page '257, and for a description of it, the " Me- 
chanic's Magazine," vol. x. page 234 ; see also a paper at page 332 of the 
same volume, written by George Peel, Esq., of Manchester, to whom the 
author ib uDder considerable obligatioDS for variou* informatioii connected 
with this work. 
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aaid, the sediment would deposit itself; but it does not ap- 
pear that his plan was ever put into practice. 

Although the principle which operates in causing sediment 
to accumulate in certain quiet places along the banlis of 
rivers, or behind natural or artificial obstructions in the cur- 
rent, as well as in accumulating Band banks through the 
counteraction of opposing currents in the open sea, is suffi- 
ciently evident, and is well known as a most interesting 
branch of study in civil engineering ; jet because the fact is 
well known, and seen daiJy, no new questions are asked 
about it. However, in the case of a steam-en^ne boiler the 
operation of this principle is not so apparent, and its appli- 
cation is still further involved in difficulty, when we discover 
that the tendency of the sediment to accumulate in heaps is 
increased in proportion as the circulation of the water is 
prevented or interrapted. 

233. To illustrate this by an example, take a small open 
topped boiler, with a division plate fixed water tight across 
it, forming a mud receptacle at the back end of the boiler, 
according to the plan recommended by Tiedgold, as men- 
tioned above. Then, on the application of the lamp furnace, 
the particles may be pltunly observed, even before the water 
comes fully to boil, to rise up and jump over the division 
plate into the receptacle allotted for them. It is, of course, 
to be understood, that the lamp must be placed at the con- 
trary end of the boiler to that at which the receptacle is 
fixed i for by changing the position of the lamp, the sand 
may be all made to return back into the other part of the 
boiler again. 

334. This experiment may be varied in the following 
manner, which is more illustrative of the subject in hand, 
and admits of being repeated easily on a small scale, and 
with an apparatus of the cheapest possible kind. The sketch, 
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fig. 20, is meant to represent a common Florence flask, con- 
tfuning water kept gently boiling by means of the argand 
lamp below it Suspended in the flask by a piece of wire is 
a small glass bucket for a sediment vessel. Now with an 
apparatus like this, and by using any kind of soil, sand, or 
other sediment, it is very easy to prove the bare ftct that 

Rg.20, 



Buch sediment will all rise from the bottom and be collected 
into the sediment vessel or collector; but this is done so 
rapidly, generally in less than half a minute after the com- 
mencement of ebullition, that in order that the process may 
be more distinctly perceptible, a more careful arrangement is 
necessary. This is efiected by having the flask stopped with 
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a good cork, through which is inserted a tube of very fine 
bore ; and through this tube the wire is passed which sus- 
pends the glass bucket or collector. Thus by impeding the 
issuing Current of steam we can keep up a very slight pres- 
sure, and thereby in some degree as^milate the flask to the 
condition of a steam-en^ne boiler. Instead of using water 
discoloured with any kind of dirt, take a few minute frag- 
ments of any insoluble substance, whose specific gravity is 
not much greater than that of water. Then, by carefully 
trimming the lamp, and placing the apparatus between the 
observer and the light, and in a place &ee firom any draught 
of air, the operation may be easily watched. When this is 
done with sufScient care and attention, we may observe the 
steam first beg^n to form under the small Jragments at the 
bottom of the flask, which are frequently lifted up a little way 
from the bottom, wben the minute bubbles of steam which 
support them successively collapse as they -rise into, or are 
met by, the circulation of a colder portion of fluid, and the 
fragment instantly drops : this simmering process goes on for 
a few minutes, the partjcles of sediment rising higher and 
higher, until the water has nearly arrived at a unifonn heat, 
or approaching to the point of ebullition, and which is 
always found to be at one or two degrees lower temperature 
than when distilled water is used free from sediment. Now 
at this particular period of the experiment, if we adjust the 
lamp with care, we may distinctly observe that the steam is 
generated only at those particular points of the heating sur- 
&ce which are touched by the small fragments or particles of 
the sediment used. In fact, every particle of sediment be- 
comes a small moveable generator, and acts precisely on the 
same principle as the large or Jixed generaAor described in 
the last chapter but one; there being no particular i^flerence, 
except in dimensions, between the large fragment of brick 
suspended in the flask, as shewn in fig. 14, and any minute 
particle of (it may be) the same substance, as shown in fig. 20. 

F 3 
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990. The carefiil experimeDter will now be at no lo§s to 
account for the fact, that each particle of sediment rises 
up to the surface of the water as it were of its own ac- 
cord, and deliberately deposits itself within the sediment 
vessel ; for he actually sees the steam form underneath the 
angular and uneven surface of each fragment or large par- 
ticle of sediment, and he also sees the fragment boroe to the 
surface of the water by the buoyant power of the steam so 
formed. When the fragment has arrived at the surface, it is 
there of coarse separated from the little bubble of steam 
which supported it, and is projected in various directions, 
depending upon the circulation of the water and other cii^ 
cumstances; when, if it passes over the sediment vessel, 
where there is a portion of the fluid which is in a partially 
quiescent state, or in some degree sheltered from the constant 
upward action of the continually arising bubbles of steam, it 
then &lls by its own gravity into the collecting vessel, and 
which in this manner becomes as it were a trap for the 



936. Sediment vessels have been proposed, and also occa> 
slonally used, of a kind different to the above, by having an 
external vessel or receiver connected with the boiler by a 
large pipe, or other convenient opening, into which a portion 
of the sediment passes every time the pipe or valve is opened. 
This plan is particularly remarkable for its clumsiness, when 
contrasted with either of the other ; for the receiver, or sedi- 
ment vessel, being placed outside the boiler, is required to 
be at least as strong as the boiler itself; besides this, Iho 
pipe which connects it with the boiler bottom must neces- 
sarily pass through or very near the fire, and is consequenUy 
very soon destroyed. A plan of this method of cleanings 
boilers may be seen by referring to the plate of Brunton's 
patent boilers, in Partington's veiy oseful work on the 
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Steam Engine * ; also to plate 8 of the new edition of 
Tredgold. 

287. The great merit of Mr. Scott's method is its peculiai 
simplicity and cheapness, for we have nothing more to do 
than to suspend, within the water of the boiler, a common 
wooden bucket, or ressel of tin, or earthenware, or any other 
material, or even a bag of moderately close or compact tex- 
ture; and any one of these receptacles, if judiciously placed, 
will collect into itself the whole of the sedimentary matter 
from the water, and which of course may easily be with- 
drawn or removed at any conrenient opportunity, without 
its ever coming into contact with the bottom or sides of the 
boiler. 

236, There is a Angular circumstance connected with 
this Belf-cleansing process : place two sediment vessels in 
in a boiler, submerged to the same depth, and close to 
each other, let them be of equal capacity but of different 
shapes ; one of them being wide at the tSp, or say in the 
form of a bason, while the other is contracted in that part, or 
nearly in the form of a bottle with a comparatively narrow 
neck; then if the boiler be opened after a certain portion of 
time, it will be found on examination that the narrow- 
necked vessel it nearly, if not quite, full of sediment, whilst 
the vnde-moutked one has little or nothing in it. The reason 
is obvious enough, for although the water never boils in 
either of the vessels, yet it is subject to a little more agita- 
tion in the wider mouthed one than in the other, consequently 
the dirt is attracted, if the expression may be allowed, into 
the quietest of the two. 



* Ad Historical and Descriptive Account of the Steam En^e. By 
C.F.Partington, of the Loudon Institution, 2nd edition. 6vo. London, 



by Google 



914 IMCSUSTATIOKS. 

IMCSUSTiTlON or DBPOBIT8. 

239. Altboogh we have seen how to free a boiler from 
Bediment and other gross matters, that are held in mechanical 
snspension in the water, it may be asked what means we 
take to get rid of the incrustation, which being generally 
formed Iron) matters previously held in solation, appears to 
be rather a formidable difficnity. The answer is, by an 
application of the very same principles which have been 
shewn to be so efficacious in the case of the loose sediment 

Perhaps nine-tenths of the snbstance of all incrustations to 
be found in boilers, (independent of (he insoluble matters al- 
ready dtspoBed of,) consist of carbonate of lime, having been 
previously held in solution by an excess of carbonic acid, the 
latter, of course, continually varying or fluctuating in its 
amount, according to the circumstances of the boiler, while the 
carbonate of lime, which is in the feed water when it enters 
the boiler, is regularly increasing, nearly at a uniform rate ; 
consequentiy, the deposition goes on more or less rapidly at 
irregular intervals, always depending upon the proportions of 
these two substances present at any one time. 

240. Kow the circnmstances nnder which a steam engine 
boiler is placed, necessarily include a great variation tn the 
state of ebullition of the water, it being most violent when 
the demand for steam is tb^ greatest, and at snch times we 
may conclude, that the superabundant carbonic acid, as well 
as the atmospheric air, and all other gases that admit of ex- 
pulsion by boiling, are present to a much smaller amount 
than at ajiy other time, — of course the carbonate of lime is 
then deposited, and obeys the same laws as any insoluble 
deposit ; consequentiy it accumulates in the sediment vessel 
or collector, precisely for the same reason as does the argil- 
laceous and other sedimentary matter, as already explained. 
In fact, the carbonate of lime, although called a chemical de- 
posit, is, at the time of its deposition, as much a mechanical 
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One, BM that of any insoluble matter, and it becomes so, the 
instant it separates from the water in a solid state ; but being 
an impalpable powder, it requires a collecting vessel more 
perfectly iree from a^tation than the coarser mechanical 
deposits. The principal difficnlty is to retain it in the sedi- 
ment vessel until discharged ; this object, however, was par- 
tially attained by an apparatus which the author contrived and 
brought into use in 1 829 ; it was made by forming the upper 
part of the collectors of a hopper shape, to which was 
attached a lower part or receiver, made perfectly water tight, 
^trom this receiver a pipe was carried to the outside of the 
boiler, through which, by means of a valve, the contents of 
the receiver were discharged as often as necessary. 

341. The object of the above contrivance, was to comlune 
the principles of Maudslay and Field's patent of 1 824, to that 
of Mi. Scott's of 1827, with the intention of making it useful 
for marine or steam-packet boilers. Now the proper use of 
this discharging apparatus is essential to the attainment of 
the object of keeping the boiler moderately iiree from incrust- 
ations of carbonate of lime; for if this deposit is allowed to 
remain in the receiver too long, it is liable to be in part re- 
dissolved by any increase in the quantity of free carbonic 
acid, only to be again re-depouted, but which, of course, 
may be prevented by blowing it out Jreqitently along with 
the rest of the sediment. 

ThM this i^paratus is not yet iiilly adopted in steam 
packets, arises from the same causes which so long delayed 
its general use in factories. When first tried in the City of 
Dublin Company's packet, the Shamrock, its perfect efficacy 
was shewn — so fat as can be expected of any new inventicm, 
when there has not been sufficient experience to perfect all 
its details. The appar^ns was proved to collect the thick 
brine as the latter became concentrated by the evaporation 
of the sea water, which, while being blown out, partiy crys- 
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tollized, or assumed (be slate of a fine salt, with just as mnch 
water as was sufficient td hold it iu a semifluid state, and 
which is essential to its discharge*. The dischar^ was effected 
by the pressure of the steam acting suddenly upon the con- 
tents of the tec^rer, and blowing them through a pipe fixed 
in the side of the vessel. 

343. Notwithstanding that the above-mentioned apparatus 
was made so lar back as five years ago, which ought to be 
considered a very long period in this age of improvement in 
steam machinery, all particulars relating to the trial, which 
was in every respect a successfiil one, were contrived to be 
so effectually burked by some of the superintending mecha- 
nical marines, that the principal Director of the Company f 
was only for the first time made aware of the &ct of its having 
been tried at all, through the publication of the second edition 
of this book, eight or nine months ago ! This will not seem 
strange to those who are acquaiuted with the usual policy of 
gtuxeasjul patentees in their mode of doing business with 
nearly all large companies, when informed that the cost of 
the apparatus in question is under twenty pounds, conse- 
qnentiy there is no room left for what we have heard techni- 
cally, though sometimes truly, called ** plunder." 

Indeed in the eyes of those whose interests are extensively 
concerned with the old destructive plan of managing boilers, 
the simplicity of this mode of keeping a boiler clean no 
doubt appears quite contemptible when compared with other 



• The feci of the collection of the salt and salt brine was fint exhibited, 
on a small scale, to Dr. Clanny, of Sunderland, the weU-knowu inventor 
of tlie blaat safe^ lamp, in 1827 ; and the application of Mf. Scott's 
patent collectors to that purpose was first successfully tried in the boilers 
of the Solway steam packet, at Liverpool, in 1830. 

t Charles Wye WilliamB, Esq., of Liverpool, inventor of the com- 
pressed peat coke and resined fuel ; respecting which see a valuable paper 
just published in Newton's London Journal for February, 1830. 
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plans for effecting the same object at one tiundred times the ex- 
pense, leaving profit enough to retain a Httle regiment of 
pnffer8,&c. It is, however, hut justice to add, that the ahove 
Company have now ordered some more of their vessels to he 
furnished with the cleaning machines. The Duchess of Kent 
steamer having heen recently so fitted, under the surveillance 
of Mr. Williams himself, that gentleman took a most ingenious 
and effectual method of demonstrating the utility of the plan, 
by having the end of the dischai^ pipe inserted into a large 
cask, which was placed in the stoke-hole, and into which the 
contents of the collecting apparatus were discharged, instead 
of blowing them into the sea. The quantity of sediment 
thus collected in one voyage from Liverpool to Dublin and 
back, was found to amount to nearly two hundred weight ; 
this was after it was allowed to subside and the water drained 
off; it consisted of a Stiff pasty mass of carbonate of lime, 
and when dry had very much the appearance of common 
lime mortar. 

This great quantity of deposit was obtained frqpi the centre 
boiler alone, of three independent circular boilers, being after 
the rate of about three tons every ten voy^es, and which 
was, of course, somewhat more than had ever heen found to 
accumulate in the boilers in the same length of time, owing 
to its containing that portion which would have passed off 
by blowing off the boiler for the purpose of changing the 
water in the usual way, a practice which was continued, 
although perfectiy unnecessary when the cleaning apparatus 
is used, the latter answering the purpose of the usual blow- 
off cocks in this respect, but with infinitely less trouble and 
greater safety. 

243. Returning to the subject of land boilers, which is the 
more immediate object of this Essay, we must remark that 
in addition to the carbonic, there are very few hard waters 
that do not cont^n some small portion of atilpkmic acid. 
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This acid is almost inseiiBible to aoy ordinary test, yet the 
coDtinaed woriiiDg of a boiler ibr a few weeks causes its con- 
stant and gradual augmentation, oi concentration of its 
strength, and if there be any lime present, sulphate of Um« 
is at last formed, which seems to attach itself to the iron with 
such tenacity that it ahnost defies the hammer and chisel to 
remove it 

244. Various chemical remedies have been tried to prevent 
the incrustation of this troublesome deposit — in particolar^ 
animal substances of all kinds seem to have a good effect ; 
and in this district potatoes are frequently put into the 
boilers for the same purpose, although they are not quite so 
e0ectual as animal matters. 

The exact mode in which the potatoes act in preventing 
the adhesion of sulphate t^ lime, is yet a question unrng 
chemists ; some are inclined to think that they do not act 
chemically, but mechtmicaUy. Such is the opinion expressed 
in a paper pnblisfaed several years ago in the Journal of the 
Royal Institution, entitled Practical and Philosophical Re- 
marks on Natund Waters, by William West, Esq., from which 
the following is an extract : — "The adhesion of the earthy 
matter to the iron is lessened, and the interval between the 
cleanings consequently protracted, by the use of potatoes $ 
the pulp of which, by enveloping the crystals, lessens tiieir 
tendency to adhere, and preserves them for a while suspended 
in the water of the boiler." 

345. It was the consideration of the possibility of keeping 
the sulphate of lime mechanically suspended in the water c^ 
the boiler, as stated in the above extract, which first sug- 
gested the idea of also using the sediment vessels, for the 
purpose of catching this chemical deposit along with the 
argillaceous and other heavier kinds of sediment, in the man- 
ner already described j for whatever might be the best method 
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of ^rerenting the sulpfaate of lime from adhering, it waa 
plain that Bome apparatiu for collecting it and getting it out 
was just as necessary in one case as another. 

A modification of Mr. Scott's patent collectors, with the 
addition of an agitator, which is worked by a small shaft or 
spindle passing through a stuffing box to the outside of the 
boiler, answers the purpose very effectually, as it admits of 
the use of potatoes, or any other treatment to which the 
boiler tQay be subjected for the sulphate of lime, without the 
liability of the apparatus becoming clogged up. 

The opening^ into the collecting vessels of this apparataB, 
or self-cleansing machine, are made sofficientiy small to 
enable it to catch nearly all the carbonate of lime, while it 
also catches the whole of the loose sediment, and which is 
dischai^ed from time to time, without any interruption to the 
working of either the boiler or engine. 

S46. The above apparatus, in its present improved state, is 
called a machine, although it is not exactiy a machine in the 
ordinal^ acceptation of the word, on account of the extreme 
simplicity of its construction, th^« being neiUier wbeel nor 
pinion about it, nor indeed any 6f the other mechanical 
powOTs, unless the lever of the handle may be so called, 
which puts the discharges apparatus in action. Moreover, 
unlike all other machines, its most important functi<Hi8 are 
performed while standing stilL It is never put into action 
but two or diree times in the course of a day, for dischar^ng 
or " blowing out," and that fot less tban half a ibinute each 
time, according to the quantity of sediment which it has col- 
lected ; consequently, it is hot vety liable to wear out, besides 
rendering its first cost companitively small *. 

* Tbe Author of this work, by an arrangement with the Patentee, 
made and fixed up several hnndled of these boiler cleanaing machines ; 
tbe boilers to which thej are attached not having required any other 
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A good deal has been said and written about the stapendous 
powers of the steam engine, and our northern neighbours, in 
particular, have been exceedingly magniloquent in their 
praises of the mechanical wonder. Some years ago, one of 
the Edinburgh Aeviewers, amongst other nonsense, stated 
that the steam engine could " embroider rnvslin,"" and *' lift 
a skip of tear like a baiAle in the air ; " which looks very 
well in print, but, lihe some of the stories of Macphersou's 
&b)ed heroes, loBes all its charms when we know that it is not 
true. It must, however, be acknowledged, with the Frenchman 
Beltdor, that it " is the most wonderful of all machines, and 
that nothing of the work of man approaches so near to animal 
life." For as this author also goes on to state, the steam 
engine " feeds itself, evacuates, such portions of its food as 
are aseless, and draws from its own labours all which is ne- 
cessary for its own subsistence." This description, although 
rather of an imaginative caste, considering that it was written 
about a centuty ago, may not be much amiss, if, instead of 
the engine, it be applied to the Boulton and Watt boiler, as 
improved within the last twenty years ; for of the boiler it 
may now be stated, with some degree of truth, that it per- 
forms for itself the whole of the above actions, along with 
some others that have a closer resemblance to those in the 
animal economy, denominated involuntary, — amongst which 
we may mention, the half chemical, half mechanical, pro- 
cesses of digestion and secretion, as well as the separation 
of excrementitious matterg, which in phy^ology is con- 
sidered to be a peculiar vital function. 

247. When boilers are cleaned out in the usual way, it is 
always observed that the diminution in the quanti^ of fuel 



mode of cleaning out for some jeers. There are nearly SOO of these 
machines now in use in Manchester alone. 
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required for getting np the steam is very great (except for the 
first monitng) for some days after ; yet before tbe end of the 
first week a sensible increase takes place, besides a gradually 
increasing expenditure during the day, independent of that 
required for getting up the steam each morning; but the 
most muked increase is on each successive Monday morn- 
ing, when, owing to tke boiler having been ofif work during 
the Sunday, a portion of the sediment which has been thrown 
down, fivquently assumes the appearance of baked earth or 
clay. This kind of incrustation usually has a semi-vitrified, 
or half burnt appearance, on the side which has been next to 
the iron of the boiler bottom, and is generally called boiler- 
scale, as distinguishing it Irom the incmstaticmB of calcareous 
or other mineral salts, which have been already noticed; for 
the former generally chips off in small scales, which are found 
loose in the boiler. The crystallizations of carbonate and 
sulphate of lime never do so, unless combined in some con- 
uderable degree with the former, but, on the contrary, require 
the hammer and chisel to remove them, as before stated. 
Now we ordinarily find these two substances, the ar^llaceous 
and calcareous incrustations, to be combined in various pro- 
portions with siliceous matters, forming stalagmitical masses 
of partially crystallized boiler scale, and thus producing a 
kind of triplicate salt, that has as yet escaped the attention 
of those chemists who are more distinguished for inventing 
new names for old substances than for discovering new or 
useliil facts. 

248. Some of those incrustations are harder than marble, 
and when polished are very beautifiil ; many of them have a 
stratified appearance, which indicates exactly the number of 
weeks that a boiler has been at work, and on examination 
with a microscope, minute strata may be observed, distin- 
gnisbing the deptrait of each day. The upper sur&ce of 
some kinds of boiler scale is also exceedingly curious, and 
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takes almost tbe appearance of a kind of vegetable formattoa,* 
— there are peculiar rarietdes of this kind of boiler scale, be- 
longing to different boilers and different kinds of water, and 
which are well known. 

949. There are deposits occasionally to be found in 
boilers which, to some, may perhaps appear in a rather 
queelionaUe shape. They are detached substances, b^g 
nearly perfectly round balit, and are found in conuder- 
able onmbers in cylindrical boilers. They are generally of 
various sizes, in the same boiler, from that of a pea to a 
large-sized marble, but are sometimes met with from one to 
two inches in diameter — although there is always a deter- 
minate size beyond which they do not appear to grow, in tbe 
same boiler, and should tbe boiler go a longer time than 
usual without being cleaned, they merely increase in num- 
ber. It is remarkable that these boiler balls exhibit, in 
their conformation, some degree of similarity to the calculi 
which are found in the human bladder, as described by me- 
dical writers : they usually admit of separation into a 8u&. 
cession of concentric layers, like tbe coats of an onion, al- 
though sometimes ending, in the larger sorts, in a central 
hollow nucleus, containing water. The largest that we ever 
found were two inches in diameter, and were repeatedly ob- 
tained from the cylindrical boiler described in Art. IS. The 
water used in this boiler was from the water works, gene- 
rally known in Manchester as the '* stone-pipe water." Tbe 
composition of the balls is a mixture of clay and vegetable 
mould, with a little of some glutinous substance. This bc»ler 
produced the balls at the rate of about half a bushel every 
two or three months. 

250. It may be mentioned that the introduction of tbe 
cleansing machine into the above boiler, put an end to its 
ball-creative faculty, as it likewise did in all other c 
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cases, except ia one ; and in this instance tbey were collected 
Bad blowD out b; the machine while very small. These last 
are not so round as the former; they are partially hollow, 
and haye a whitish appearance, being principally composed 
of carbonate of lime, and clay. 

291. There is another species of detached mineral sab- 
stances produced in boilers, but of much rarer occurrence 
than the former, as we have not yet met with any but irom 
one boiler, in which they had been produced at the rate t^ 
half 8 bushel per month for about a year. These were hol- 
low, perfectly white, and in size, shape, and appearance, very 
much like birds' eggs ; they were v&ry light and easily broken, 
and then exhibited a delicate kind of cellular formation, not 
unlike some of the more fri^le sorts of sfaelle — they were 
accordingly called shells by the person who first informed us 
respecting them. Most of them were found broken in the 
boiler, or broke with handling ; and we always found a drop 
of very pure water, with a (ew grains of loose sand, in each 
of the cells. They were submitted to the examination of 
Dr. Dalton, who pronounced them to be nearly pure carbo- 
nate <^ lime, and the water from the spring which supplied 
the boiler contuned the same substance. 

96S. It is a matter of some moment to those who filter the 
water, previous to allowing it to go into their boilere, to know 
that the incrastation, although less in quantity, is then always 
the hardest and most difficult to remove. It is then also 
more difficult to prevent the partial deposition of the sul- 
phate or carbonate of lime by a five use of the cleansing 
machine ; consequently, some parties who had been at the 
expense of filtering water for the use of their boilers, have 
discontinued doing so, and with considerable advantage. 

253. When the boiler scale is once fbnned, it is of some 
importance to be able to remove it with the least detriment 
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to the boiler. The heat way of doing this is, to make a, small 
sharp fire of wood under the boiler for a few minutes, when 
the latter has uo water in it ; and then the great expansion 
of the iron will cause the boiler bottom to throw off the in- 
crustation in very large cakes or scales. We have obtained 
large pieces of scale in this way, an inch tbicit, and several 
square feet in area. 

Now the necesuty of attending to the effects of those ac- 
cnmuladons of fiir or scale, on economical considerations, is 
very evident, but there is a much more important point of 
view in which we ought to examine those effects, aod that is 
in connection with the enquiry as to the causes of some 
hitherto unaccounted for explosions, of which we shall 
treat in the next chapter. The importance very properly at- 
tached to this inquiry at the present time, and the interest 
which every right minded person must feel in advancing even 
the least step towards insuring perfect safety in this respect 
to our numerous passengers by steam vessels, renders it in- 
cumbent on us to leave no new facts unstated that hear par- 
ticularly on this branch of the sul^ect. 

PUBVENTIVES OP INCED8TATI0N. 

S54. We have already shewn that scale arising from axg^- 
laceons deposits, may be entirely prevented by the cleaning 
machine as well as when those deposits are mixed to a con- 
siderable extent with calcareous substances. Also when the 
scale is a nearly pure carbonate of lime, or with very little 
admixture of argUlaceous, siliceous, or other adventitious 
matters ; it is by this means easily prevented accumulating to 
any injurious thickness, and without the addition of unng 
any chemical means whatever. 

When, however, any considerable portion of the incrusta- 
tion is composed of the sulphate of lime, some little trouble 
and difficult is experienced in preventing its slow but gra- 
dual and certain increase. 
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255. As has been preVionsly stated, (Art. 244,) crushed 
potatoes are usually put into the boilers as a preventive of 
this kind of scale, and we have ascertained that if frequently 
renewed they are veiy effectual for this purpose, but they do 
not admit of being used iu conjunction with the cleaning 
machine unless put in daily, as the latter invariably collects 
them and blows them out along with the other matters. 

With a view to prevent or diminish this trouble, we several 
years ago adopted the plan of having a very large quantity 
of tt)hole potatoes placed in wire cages, or in vessels per- 
forated with numerous holes, and suspended in the water 
chamber*. This plan admits of a free use of the machine, 
and keeps a boiler moderately iiree from any injurious incrust- 
ation. 

256. Operative engineers have been long conversant with 
the :^t that animal as well as vegetable substances are gene- 
rally efficacious in preventing fur and scale accumulating, 
and which was no doubt originally inferred from observing 
that the ordinaiy culinary boilers used for boiling meat and 
vegetables never &a up, while the tea ketUe which is used 
for boiling spring water alone uniformly does so. 

In accordance with the above remark, animal matters of 
all kinds have been used indiscriminately as well as most ve- 
getable substances; amongst the former we have always 
found that cows' feet or any other portion of the animal ca- 
pable of being converted into jelly, to be preferable to almost 



* It 18 B remwkable &ct, and oot geaerally known, that potatoes may 
be boiled in a steam engine boiler in this way for a month togetlier, and 
when examined at the end of that period, are found perfectly whole, and 
in i^ipearance exactly the same as when first put in. After exposure to 
the Mr, however, they soon become shrivelled, the extractive matter 
being entirely gone, leaving nothing but a light fibrous substance besides 
the external skin. 
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aay thing else. Indeed the opinioD expressed by Mr. West 
before referred to (An. 244) respecting the mode in which 
the pulp of the potatoes acts in preventiDg the adhesion of 
the sulphate of lime, induced us to place great reliance on 
auy substance capable of conversion into either animal or 
▼egelable jelly, and extensire experience has since confirmed 
this opinion. 

257. Although potatoes are generally used in Lancashire 
for this purpose, they are perhaps inferior in effect to most 
animal substances, but they are cheaper, and as they are 
more cleanly, they are therefore more suitable for those 
boilers that are used to genei^e steam for various processes 
where grease of any kind would be inadmissible, as in print- 
ing, bleaching, and paper-makiug works. 

Those who use their steam solely for their engines, are 
commonly in the habit of putUng into their boilers any kind 
of dirty grease or tallow, such as the scrapings from the ends 
of shafts and other portions of the niill>work, and we have 
usually observed this to produce a better effect than when 
dean tallow alone was used. 

258. Some people brush over the insides of their boilers 
every two or three weeks with melted tallow j we have 
also tried successively coatings of blood, gas-tar, various 
kinds of paint and size, and found the best of them to be 
merely palliatives for a very short time. And Mr. Dinnen in- 
forms us that it is now the practice in the government steamers 
(by orders from the Admiralty). to brush .over the internal 
parts of the boilers with a mixture of blacklead and tallow * 



^ ■ A report to the Admiralty on this mixture by Mr. Johns, the chief 
eA^neer of the " S^Jire," may be seen in the Civil EngtoeerB' Journal, 
page 191, for Hay, 1639. 
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(the celebrated anti-atttition composition,) but its superiority 
to other things of the kind Beems at best but problematical. 

The use of tallow generally is, we think, objectionable on 
mftoy accounts, some of which we have before stated. The 
principal one is that it increases the liability of the engines 
to prime, although we have been informed that it is a com- 
mon practice with some engineers of steam packets on the 
Thames to throw a lump of tallow into their boilers vnth 
a view to prevent priming ! This is not a little singular, if 
true, for it would thus appear that what is accounted to be 
the .principal cause of this evil on the Mersey, is used as 
a preventire on the Thames. The fact, if it he one, pro- 
bably deserves a more attentive e:iamination than we can 
here go into ; but it may be suggested, that the water in 
some situations may possibly hold a sufficient quantity of 
alkaline ingredients to combine with a portion of the tallow, 
and form soap ; by this means a foaming up of the sur&ce 
of the water would be created, and consequent liability 
to prime. On the contrary, in other situations, from 
the absence of alkaline matters, the grease may possibly 
have rather a beneficial effect, hy partially preventing the 
violent breaking or agitation of the surface of the water, in 
a somewhat similar manner to the effects s^d to be pro- 
duced by oi), in stilling waves at sea. 

S59. Since the publication of the last edition of this wo^, 
' the above remarks on the incrustation of boilers have received 
a certxun degree of corroboration in the specification of a 
patent granted to Mr. A. W. Johnson, on the 30th June, 
1838, " for an invention of certtuo improvements tor pro- 
venting the incrustation of steam boilers,^ and it is 
stated to be a communication fi^m a foreigner residing 
abroad, which circumstance probably accounts for many 
things being claimed in it that are not new. The following 
extract itova the specification of this patent is given merely 

q2 
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to shew &ftt the theory therein cont^ed coiresponds exactly 
with that of Mr. West, which was published nine or ten 
years ago. 

The inrention is described as consisting, " firstly, in the 
use and application of vegetable matter or extracts, which 
being thrown into or infused in the wotex with which the 
boil^, steam generator, or other vessel is supplied, by a che- 
tnical action, lays bold of, and envelopes in a &in coat or 
film, all the earthy, calcareous, and metallic or oth^ particles 
which are held in suspension, or may be produced or de- 
veloped in such water by the action of heat The adhesion 
or affini^ of such particles to each other is thus destroyed 
or intercepted, and by that means their adhesion to the sides 
and bottom of the boiler or other vessel is effectually pre- 
vented. All kinds of veget^le matter or extract, either in 
a solid, pulpy, or liquid state, may be used indiscriminatdy ; 
but I prefer the extract of such vegetable substances as con- 
tain and give out the greatest quantity of colouriug matter, 
such for instance as logwood, and other dyewoods, bark, or 
tan, and grasses of every description, whether in a firesh, dry, 
or decayed state. I also particularly recommend the use of 
decayed or putrified vegetable matter in general, such as 
turf, peat, manure, leaves, and other substances of that 
bind. In short, I declare the essential principle of this part 
of the invention to be the impregnating with vegetable mat- 
ter or extract, the water used for the purposes above alluded 
to, wheKby the tendency of the earthy, alkaline, metallic, 
and other particles held in suspension or solution in the 
water to adhere to each other is counteracted, and the in- 
crustation of the boiler ei other vessel prevented in the way 
above stated." 

In addition to (he above, this patentee, in evident igno- 
rance of the boiler cleaning machine, also specifies a modifi- 
cation of Mr. Scott's sefllment collectors communicating by 
means of a pipe with ad external receiver, placed below the 
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boiler, on the principle described in Article 236, but more 
particularly liable to the objections there stated. 

260. In referring to other patent inventions for freeing 
boilers from deposit, we may conclude this subject by men- 
tioning that of Mr. William Taylor, of Wednesbury, dated 
January 19th, 1831. This gentleman does not use internal 
collectors, as in Mr. Scott's inyention, nor an external re- 
ceiver, aa in that of Mr. Brunton's ; neither does he combine 
these two plans, as in the abore described patent of Mr. 
Johnson ; but he forms the lower part of the boiler into one 
or more dish-like receptacles, extending below the fire for 
the purpose of collecting the sedimept, and to which ralres 
are attached for blowing out frequently. Now it hardly 
needs to be stated that the principle of this plan is precisely 
that on which marine boilers hare always been formed ; but 
the idea of blowing off any considerable quantity of depwit 
from the bottom of a boiler while the latter is at work is per- 
fectly erroneous; and no portion whatever of that which 
would be likely to settle upon the top of thejlues and produce 
scale ever was, or can possibly be so blown off unless the 
whole of the water in the boiler is blown out altogether. 
The fine impalpable precipitate which creates incrustation 
can only be collected effectually at or near the surface of the 
water. Any substances heavy enough to be deposited on 
the bottom of a marine boiler while the latter is at work, may 
as well lay there quietly to the end of the voy^e ; for they 
can do no injury imlil they reach up to the bottom of the 
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' 361. Explosions of steam boilers bare occurred so fre- 
quently of late years, and hare been attended with Bucb 
disastrous consequences, particularly when they hare hap- 
pened in steam packets, that the subject calls loudly for 
legislalire interference. In America, where the explosions 
of steam packet boilers hare been more frequent, from the 
general use of high pressure engines, some legislalire re- 
strictions have been recently adopted, founded upon a set of 
very ably conducted experiments, peculiarly adapted to the 
practice in that, conntry. A few points, however, remain 
open to investig^ioD ; and as the subject must be one of in- 
tense interest to all those who, with a laudable anxiety for 
improvement, combine a proper regard for the wel&re of 
their fellow-creatiu'es, we shall examine as much of it as 
regards the safety of the ordinary low pressure boiler, as ge- 
nerally used, and which comes more particularly within the 
scope of this Essay. 

262. It is frequently observed that a boiler of about thirty 
horse power will require from a ton to a ton and a half of 
coal extra, during the first day after it is cleaned out This 
arises from the practice of cleaning out the boilers, as well as 
the flues, by means of human beings, instead of mechanical 
contrivances, although the latter are easily available for both 
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purposes. The means of effecting tbe former have beea al- 
ready described, and have been adopted to a considerable 
extent ; but we have not such sanguine expeclations tliat 
similar means of cleaning out the flues will be ao readily 
adopted, the pecuniary advantage resulting tbere&om not 
being so apparent as in the other cose. 

263. The ordinary practice in Manchester is to clean out 
the boilers once a month, and to clean out the flues at the 
same time ; preparatory to which the boilers mostly require 
filling once or twice with cold water, to cool them : conse- 
quently, in getting up the steam the next morning, there is 
not only all the extra fuel required for heating the comparar 
tirely cold water, but quite as much more is required to 
bring up the mass of brick-work, and all the adjacent parts, 
to their former temperature. It is of little or no avail that 
there may be a spare boiler kept, for the cooUng of it is still 
necessary, either by standing a week, or in ooe way or other, 
and of course the loss is the same. 

364. It generally happens, that the spare boiler, if there 
be one, stands immediately adjoining those that are con- 
stantly at work, and the heat irom the adjacent boilers and 
brick-work renders it quite impossible to clean out the flues 
without an amount of individual sufiering which few people 
have any idea of. The ordinary climbing hoys are not ge- 
nerally employed to sweep the flues of a steam-engine boiler 
in a factory ; a strong man usually is required for the pur- 
pose. Quite a different sort of manual process is necessary 
than that used for sweeping a common house chimney ; in- 
deed the latter must be, comparatively, a pleasant occupation. 
In the former case the man has to ttm-m himself through the 
flues, in a horizontal position, pushing before him the con- 
tents of the flue, or '* flue dust " as it is called ; which is not 
soot, but a heavy kind of deposit, consisting of very flue 
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ashes, being the biuut earlfay particles of the fuel, which ftre 
fine enough to be carried forward with the draught The 
most expert hands at this hind of work are generally natives 
of the sister isle, who are ever ready, for the smallest pittance, 
to ujidertahe this drudgery, and with whose labour, as to 
value (at least as to price) it is in rain to attempt compe- 
tiUon with macbineiy. It is from the above mentioned class 
of men that the stokers or firemrai for the steam-engines in 
Manchester and Liverpool are generally obtained ; and cer- 
tainly there are none so capable of being made good firemen 
as intelligent Irish labourers, especially if they have been, 
previously good spademen. 

The foregoing may seem to bear only very remotely on the 
question of expIosionE, but it is rendered necessary in order 
the better to elucidate a view of the subject, according to 
which it is believed we may account for the great majority of 
the explosions which have occurred in factories and other 
large works. 

265. It is a fact very well known, that many of the explo- 
sions of steam boilers, which have occurred of late years in 
the factories in this district, have taken place on Monday 
mornings, a little before six o'clock, and it is generally be- 
lieved that the whole of those have done so, whose causes 
have not been hitherto clearly ascertained. Now if we take 
into consideration that the firemen have generally the charge 
of cleaning out the boilers and flues, and that along with this 
they are commonly charged not to be seen doing their work 
on a Sunday ; then, bearing in mind what we have stated, 
of the difficult nature of the operation, rendered still more 
difficult when it is obliged to be done on a week day, when 
the fires are burning in the adjoining furnaces, perhaps one 
on each side, merely separated by a thin brick wall, adding 
to this the necessity of keeping the damper of the spare 
boiler closed, otherwise the fires under the other boilers do. 
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not burn properly, — this worh bafl, on all these acconnls, 
generally become a night job, consequently there can be 
little Buperintendeace of either masters or managers, and 
therefore it is not to be wondered at if the boilers and flues 
very irequently go without any cleaning at all. 

266. In illustration of the usual routine of tbe fireman^s 
business, we may state that it .sometimes goes on this 
way ; — Suppose the getting up of the steam to require three 
or four hundred-weight of coal extra on tbe Mouday morning 
of the secdod week aAer the boiler and flues bare been 
cleaued ; the Monday morning after that it will require five 
or six hundred-weight, and thus it will go on requiring a 
few hundred-weigfat more at the commencement of each week 
than in the preceding one, until the boUer goes several weeks 
without being let off— the consutuptiou of fuel going on all 
the while in an increa^ng ratio, along with an increased 
difficulty of raising tbe steam, until, at last, the poor stoker 
sometimes finds that he cannot ruse the steam at all. This 
is, of course, a consummation that rarely takes place in regu- 
lar lactones, where there are seldom fewer than two or three 
boilers, and therefore the steam which caimot be obtained 
tirom one boiler must be had from another ; but at collieries, 
and in many country places, where there may be only one 
boiler to an engine, it occanonally occurs. Xow, the con- 
sequence in the majority of those cases, is generally of Httle 
account, excepting oa tbe score of economy, for the boiler 
has only to be let off and re-filled, and all is right again j but 
it is altogether very ditPerent at a factory, where there may 
be a good chimney and a strong draught, and also several 
hundred workpeople depending upon the engine starting at 
tbe proper time — in sueb a case, as it is sometimes signifi- 
cantly expressed by tbe enginemen, there must be steam 
or else a blow-up of one kind or other. 
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867. Most people are aware of the rage for bailding very 
large factory chimneys, duriog the last few years, and as they 
are usually built much larger at first than the waiit» of the 
factory require, there is always a suTplns draught, which, by 
setting the main damper wide open, can be taken advantage 
of to any extent, and in many cases to cause an intensity of 
heat almost equal to that in a blast fiimace. Where this 
surplus -draught is easily available, the fireman has little to 
do but open bis dampers, and the steam is got up in one half 
the time that it reqmred formerly. 

368. Whether the boiler is dirty, or has too much water 
in it, one consequence is the same, under ordinary circum- 
stances, namely, a greater length of time is required for get- 
ting up the steam, and this necessarily requires the earlier 
attendance of the fireman. Now the fireman is not generally 
summoned at a certain hour like the regular mill hands, and 
if he can only contrive to get up the steam in sufficient time 
for the engine starting at the appointed minute, there is sel" 
dom any fault found; therefore any expedient which will 
enable him to prolong the period of his commencing work is 
not likely to be neglected, and such an expedient he has 
wherever there is a good draught 

369. It unfortunately happens that, in this matter, the 
apparent interests of the manufacturer and the real interests 
of humanity do not agree; for it has been inconteslibly 
proved, that a strong draught is extremely favourable for 
saving fuel, as may he judged from the fact, that the time 
for getting up the steam has been in some instances re- 
duced from upwards of an hour, to twenty or twenty-five 
minutes, and although the saving of coal has not been in 
any thing like that proportion, yet it has been very conu- 
derable. 



by Google 



CAUSES OF EXPLOSIONS. 239 

270. Under similar ciicumstances to those just mentlonecl, 
there can be no doubt Ibat a portion of tbe boiler bottom 
occasionally beccmies neuly red hot, although this condition 
appears extremely inconsistent with the supposition tliat it 
is at the same time covered with water ; yet we hare been 
compelled to adopt this conclusion, from having had ocular 
demonstration of its possibility, as well as other reasons. We 
had frequently heard the fact stated by intelligent enginemen, 
8Ad had more than once been called to witness it, although 
even then inclined to conader it a mistake, owing to the dif- 
ficulty of ascertaining it clearly ; for a slight approach to the 
incandescent state must be nearly invidble, owing to the 
strong glare of light from the furnace directly beneath, while 
any degree of heat much higher would be sure to weaken 
tbe iron so much as to cause the boiler bottom to give way. 

In one instance, however, the rivet heads appeared to be 
approaching to a redness, and we immediately took care to 
ascertain that sufficient water was in the boiler. On return- 
ing to the frimace, we observed a circular space, of six or 
eight inches in diameter, in one of the plates over the middle 
of the frre, *' drawn down " into a spherical segment, or 
swelling, of about two inches in depth, sometbing similar in 
appearance to those formed on a smaller scale in glass blow- 
ing, but its further protrusion bad evidently been checked by 
the sudden opening of the fire-door, and which no doubt 
prevented any serious consequence at the time. Tbe boiler 
was a cylinder, of nearly six feet in diameter, and tbe pres- 
sure was about nine or ten pounds to the square inch. The 
occurrence took place just at tbe moment of tbe steam being 
sufficient to blow away at the safety valve, and a few minutes 
before the engine started. For a few days afterwards, this 
segmental protuberance was observed to increase gradually 
to a hemispherical shape, of tbree or four inches in depth, 
when it burst without doing any further damage than putting 
out tbe fire. 
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271. It IB well known to engineers, that a similar bnlging 
out of a porUon of the bottoms of cylindrical boilers, when 
the fire-grate is placed too near, is a very common occur- 
rence, and we hare known boilers to work for several weeks, 
and even months, without bursting, after those swellings 
bad been first formed. A precisely similar swelling to that 
above mentioned, took place a short time before, with a 
boiler of the same kind, at the same works. The chimney at 
these works was of an immense size, consequently the 
draught was extremely strong, and it was the boast of the 
engineer that he conld, when he liked, have the steam up in 
a quarter of an hour, — it ought to be added, that it was also 
the boast of his master that he could bum the woret possible 
kind of coal. 

S72. The probability of boiler bottoms sometimes ap- 
proaching a red heat, receives a corroborative proof on ex- 
amination of the iron plates, in many cases, where the boilers 
bare bulged out in the manner we have been describing, and 
which exhibit an appearance, well known to boUer-makers 
by a peculiar colour in the iron snirounding the part which 
has been red hot. 

Whenever a boUer bottom is seen in this state, of course 
the only method of avoiding danger is to slack the fire imme- 
diately, by opening the fire-doors. But it frequently happens 
that the fireman thinks the boiler is emp^, and, if he has an 
opportunity, he immediately lets into it a quantity of water, 
when the consequence uniformly is, Ibat the boiler bursts 
instantly. 

373. From what we have stated above as the common 
practice in the factory districts, we may conclude that the 
principal cause of boilers becoming unduly heated is un- 
doubtedly, in a majority of cases, owing to the interposition 
of indurated, or encrusted earthy matter, between the heated 
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iron and the water, and the manner in which those circnm- 
stances operate in producing an e^cplosion appears to be 
as follows : we have before shewn, (Art. 253,) that an internal 
coating of boiler Bcale is liable to crack and separate into 
lai^e pieces, which are thrown off from the boiler bottom 
with a certain degree of violence, at some particular degree 
of temperature, depending upon the thickness of the scale 
and the kind of substance of which it is formed. This me.y 
account for some of those detonations, or reports, sdd to he 
heard immediately previous to explosions. It may be noted 
here, that the scale, when very thick, is always found to come 
off much easier, and is consequently detached by a lower 
temperature, than when it conusts of merely a thin coating 
of carbonate or sulphate of lime ; in the latter case it requires 
a much higher temperature, and only comes off in small 
patches of a few inches in diameter. 

274. We may easily suppose, that by unduly heating the 
boiler, a large portion of scale may be suddenly detached, 
uncovering one or two plates, at a temperature something 
exceeding the maximum evaporating point, which is well 
known to be considerably under the lowest red heat of iron 
(by the American experiments it is at about 400° Fah.). 
Then, the first effect produced will evidently be a certain 
amount of repAsion between the over-heated iron and the 
water, which may continue for several seconds, and perhaps 
for a few minutes: this may account for the sudden decrease 
ia the supply of steam, which has frequently been observed 
for a few moments just before the explosion of a boiler haa 
taken place. 

The next effect must arise from a gradual diminution of 
temperature, during the same short space of time, in that 
part of the over-heated iron which is exposed to the water, — 
creating a contraction of the metal, increasing rapidly as the 
temperature approaches the evaporating point, and causing a 
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correspondiiig strain upon the rivets in the boiler bottom. 
The direction of this strun may generally be traced on ex- 
amining Uie bottom plates of any old boiler ; it is always 
found to radiate in lines proceeding Irom tliat plate or part 
of the boiler bottom which has been most acted on by the 
fire, and is usually indicated by short cracks or rents between 
the rivet holes and Uie edges of the plates. 

The next and concluding step, in case of the materials not 
being able to withstand the strain superinduced by the con- 
tracting metal, must be the sudden giving way of some bad 
seam of rivets, which the most nearly coincides with what 
would otherwise be the true line of iracture, and which may 
possibly be at some considerable distance from the plate 
which is the most heated ; thereby giving the effect of a 
great leverage to the pressure acting upon all that portion of 
the boiler bottom included within the actual liue of fracture. 
Now the consequence is, not perhaps that this portion is 
blown out, as would most probably be the case with a cast 
iron boiler, but it will be bent or doubled back, the line of 
flexure running across the hottest or weakest part of the iron. 
A rupture being thus effected, an explosion is inevitable, if 
the hole made by it be sufficiently large. 

ON THB FORCE OF EXPLOSIONS. 
376. From the premises we have laid down, it may iairly 
be concluded, that the pre^ure of the steam, suddenly gene- 
rated at thfe moment of explosion, will bear some near pro- 
portion to the area of the hole or aperture, and as the actual 
pressnre exerted the instant after the apertiu'e is formed, 
must be equal to the previous pressure drawn into, or multi- 
plied by, that area, we may assume the square of the aret^ 
or fourth power of the diameter of the aperture, as represent- 
ing a good approximation to the proportional force exerted — ■ 
the reaction of this force propelling the boiler in a direction 
opposite to the aperture. 
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Hence, we have a reason why the bursting of a compara- 
tively small hole in a boiler bottom produces such a very 
feeble effect, as compared to one of six or eight times its 
di«meter. For if the force of explosion in any given case be 
called 1, then the force in any other case, prodnciog an 
aperture of double the diameter of the former (other cir- 
cumstances being the same) will be represented by 2*= 10 ; 
if of 

3 times the <iiameter, it will be 3' = 81 

4 times . . ^ . 4* = 356 
6 times . . . . 6* = 1296 
8 times . . . 8* = 4096 

276. Some persons who have paid a good deal of attention 
to the circumstances connected with explosions, have doubted 
the possibility of steam being generated in sufficient quantity 
so suddenly as my explanation would seem to require : this, 
of coarse, is a matter which can only be proved by direct 
experiment; and such an experiment is yet a desideratum in 
this country. At present we have only one of the American 
experiments which throws any light upon this part of the 
subject; the repeating of this experiment on a large scale is 
highly desirable, although it would be attended with some 
danger and not a little expense. In the one alluded to, water 
was purposely injected into the boiler when the bottom was 
red hot, by which means the steam was raised from one up 
to twelve atmospheres (180 lbs. per square inch) in one minute, 
when the boiler exploded with violence. The American re- 
port states that in the violence of the effect, the experiment 
was not carried so far as it might have been, from not throw- 
ing in a sufficient quantity of water ; consequently, the metal 
was not cooled down to the " point of nuLnmum vaporisation " 
when the explosion took place, otherwise the pressure, as 
indicated by the thermometer the moment before the ex- 
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plosion, might have reacted about 40 atmospheres in the 
same time. 

377. The above mentioned experiment supplies an illus- 
tration of the general inotUity of safety valves in case of 
sudden explosion. The safety valve is, in fact, a perfectly 
useless appendage to a low pressure boiler provided with the 
ordinary feed pipe in common use in factories ; more espe- 
cially when the buoy rod is made to pass through an open 
pipe of the same height as the feed cistern, instead of work- 
ing through a stuffing box. This well known feeding appa- 
ratus is an infalUble preventive against the steam getting 
(gradually} too highj as well as i^ainst the water getting 
too low ; the latter being by far the most dangerous predica- 
ment of the two, and a frequent cause of explosion. 

278. When a boiler bottom becomes very highly heated 
through the water getting too low, and a quantity of water is 
suddenly let in, the consequences are similar to those we 
have already described : for the internal coating of scale 
being suddenly contracted by the admission of the cold 
water, it is detached in the same manner as by the expansion 
of the iron, and the same effects are produced, although 
perhaps more speedily, as the water admitted will reduce the 
temperature of the exposed part of the boiler bottom more 
rapidly to the maximum evaporating point 

279. It may be asked, if our theory of steam boiler ex- 
plosions be correct, how it is that we have not many more of 
them, as the causes to which they are ascribed may seem to 
be of almost every-day occurrence f The answer is, that the 
bursting of boilers is also a matter of every-day occurrence, 
to an amount which the pnblie generally are altogether igno* 
rant of. To be sore these burstings are not generally called 
explosions, although in reality they are so, b^ng difierent 
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cnly in degree. It would not be difficult to prore that two 
or three of these minor explosions occur in Manchester every 
week ; bat when no fatal consequences ensue, and no parti- 
cular damage is done to any adjoining property, of course 
the circumstance never gets into the newspapers, and no 
public notice is taken of it. 

Usually, the affair has quite another name when it occurs 
with a wagon boiler ; it is then said that the " boiler bottom 
has come down;" in other words, the concave bottom is 
forced down into a craivex form, and sometimes the sides are 
in like manner forced outwards, about the middle of the 
length of the boiler. The consequence in the least violent of 
these cases is, that the boiler is lifted up a few inches from 
its seating by the bottom striking upon the top of the fire 
bridge. We also usually find every seam of rivets violently 
strained, so that the water runs through the boiler bottom 
like a riddle, although there is seldom a hole of more than a 
few inches in area. 

280. The above remarks of course have reference princi- 
pally to those cases where the metal of the boiler becomes 
unduly heated, either in consequence of the water getting 
too low, or from the interposition of incnisted deposits, as de- 
scribed in the preceding Articles (239, &c.). There are, 
however, other concurring causes that frequently modify 
the result ; such, for instance, as when, instead of the bot- 
tom or sides of the boiler, it is the top of the inside flue 
that becomes unduly heated. And this is an extremely likely 
cause of explo»0Q, when the fiimace is contained within the 
flue, as in the Cornish boiler and some others. 



281. There is a veiy erroneous, although prevailing opi- 
nion, that the Cornish or Trevithich boiler, with the fire in- 
side the tube, is safer than any otlier kind, which opinion 
cannot be too soon dispelled. For it is an admitted fact by 
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all wbo have considered the subject, and hoverer the; may 
differ as to the precise tlieoiy of its action, tbat tbe water 
getting too low is a frequent cause of explosion ; and if so, it 
must be evident tbat tbis cause must operate mucb more 
frequently to produce sucb an effect, wben, as in tbe Comisb 
boiler, tbe depth of the water over tbe hottest part of the 
beating sarfoce is only a few inches, than when the depth is 
as many feet as in the wagon boiler. 

S82. The force of the steam and water escaping daring an 
explosion of a Cornish boiler is, hDwever, immensely in- 
creased, by reason of its being generally all expended in one 
direction, that is, through tbe fire place in the mouth of tbe 
tube. The latter being thus converted into a sort of cannon 
or mortar, fiom which the grate bars, fire bricks, and other 
materials are prelected with destructive effect, on every thing 
within their range. 

It is also not improbable that the steam, as it rushes out, 
is reinforced by contact with the heated fiiel in the Aimace. 

283. There are, besides the above, some other circom- 
stances tbat have been observed in the bursting of a boiler of 
tbis kind, which shew that the explosion bears condderaUe 
analogy to the discba^e of an immense piece of ordnance. 
Such, for aiBAtance, isr the sound or report produced by the 
explosion, and which is not experienced in so remarkable a 
manner with boilers tbat have not an internal fiue*. 

It frequently happens that explosions of the Crvnish 
boiler occur without the latter being in the least disturbed or 

■ It has been obserred, that when one or more flu^d boilers are work- 
ing in connection with another which explodes, the water immediately 
•loi's -■■11 of the former into the latter, and a continuation of the effect u 
produced for several seconds, together with a prolonged rumblii^ sound, 
which has been described as like thunder. 
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removed fixim its place ; such were the two fetal explosions 
on board the Victoria Hull steam-ship on the Thames, in 
March and Septemher, 1838, the .particulars of which are 
well known. 

284. An explosion of a similar kind to those in the Victo- 
ria steamer, also took place not many months ago with a 
Cornish hoiler at Uie Viaduct Foundry, at Newton, in Lan- 
cashire; hut the boiler being a high-pressure one, the force of 
the explosion was much greater than in the former case. Se- 
veral tons in weight of cast iron and other articles were re- 
moved by it, and a breach was made by them, of ten yards 
wide, through a strong wooden inclosure that surrounded 
the foundry yard. Indeed, every thing in the direction of the 
mouth of the lube, for 60 or 70 yards in a direct line and two 
or three yards wide, was swept away with terrific violence) 
including ten or eleven workmen, nine of whom were killed. 
The bricks which had composed the fire bridge within the 
tube wele projected like shot irom a gun to twice the above 
menlioned distance, and were the principal cause of the loss 
of life. The report was described as like a loud clap of 
thunder. 

It is necessary to say that the incrustations of which we 
have spoken as a common cause of explosions, had nothing 
whatever to do either with this case, or those of the Victoria 
steamer, the boilers being quite new ; these instances are 
only adduced as illustrations of the peculiar destructive vio- 
lence incidental to this particular kind of boiler, owing to 
the steam being reinforced as it were within the tube, and 
then being all expended in one direction. Respecting the 
causes concerned in those particular explosions we shall have 
more to say.. 



by Google 



344 UALFORHATiON AS A 

On explosions caused by. HAXFOBHATION OB WEAKNESS 
OF SHAPE. 

S85. We may take tlie last stated case of the Viaduct 
foondiy boiler as an illustration of this class of causes, for 
although not very common^ productive of ezplosions pro- 
perly 80 called, (hey deseire the particular consideration of 
the users and makers of hi^h pressure boilers. 

The peculiar fault of tbia boiler and the proximate cause 
of its bursting was, that the tube or internal flue was oval in 
section, although the boiler itself was circular. 

286. Now the main object in making an indde flue oval and 
placing it with the shortest diameter vertical, is no doubt the 
obtaining a greater depth of water over the flue without di- 
minishing the heating surface ; but by thus endeavouring to 
avoid the chance of an accident ariang from a deficiency of 
water, we run into the contrary extreme, and risk an explo- 
sion by making the flue of a weak form. 

A very slight departure from the true circular figure, not 
only causes a flue to be much weaker, but the pressure has a 
constant tendency to still farther alter the form of the curve, 
thereby becoming weaker with every strain, until the boiler 
' bursts by what is called a collapse of the flue ; that is, the 
two sides are usually crushed flat together, or nearly so, and 
the rupture consequently takes place in the flue itself, 
through which the steam and hot water are discharged in 
the manner we have ahready stated. 

287, The Viaduct foundry boiler was 12 feet 6 inches 
long, by 4 feet 9 inches in diameter. The inside flue was 
3 feet wide, by 2 feet 6 inches deep. The fire bridge was at 
about one third the length of the flue, and the top and 
bottom of the latter were crushed together at about midway 
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between the back end of the boiler and the bridge; the latter 
no doubt by acting as a momeTitary support to the top of the 
flue at the instant of the plates coming down, determined the 
place of the coUapse as shewn in the annexed cut, 







. ^'[^^^ 


, — ^^^^--==^ ^^ — 



where the dotted lines shew the form which the collapsed 
fiae assumed bj the force of the explosion. 

288. The above boiler was quite new, the explosion hav- 
ing taken place the first morning it was set to work, and 
within one minute after starting the engine. The plates were 
of f inch thick, and, saving tbe^orm of the flue, the boiler was 
remarkably well made, as well as all the apparatus belonging 
to it. It had two safety valves, two gauge cocks, and a glass 
water gauge. The foreman of the works, who had the su- 
perintendence of erecting both the boiler and the engine, 
(the latter being also new and of eight horse power,] was 
present and managing them himself when the explosion took 
place, he being also one of the unfortunate suflerers. 

The verdict of the coroner's jury in the above case was 
" accidental death occasioned hy the insufficiency of water in 
the boiler^ which concluMon seemed to be arrived at, either 
from insufficient evidence, or inability to account for the ac- 
cident in any other way; although there was direct evidence 
to the contrary, namely, that the gauge cocks indicated suffi- 
cient water a few minutes before the explosion, and that no 
steam was blown away in the interim. In concurrence with 
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the opioions of the jury were those of several most respect- 
able engiseers, bat with the additioD, by some of them, of 
ascribing the explosion to the sudden formation of hydrogen 
gas, by the injection of cold water upon the supposed red 
hotfluewhen the engine started. Iliis last opinion is far from 
being a Biitgular one in many similar cases of explosion that 
have occnrred with high pressure boilers, but is, as we think, a 
very eTToneons one, not to say £itally so, in many instances. 
For by thus assuming a theory which, to say the most for it, 
is, according to our ordinaiy knowledge of the laws of che- 
mistry, extremely improbable, a check is, to a certain degree, 
placed upon any further investigation, while the real errors 
of constmctioo are perhaps kept out of view or repeated in 
other cases. 

969. Now, if instead of the Sue the boiler itself had been 
oval and the Jiue circular, the same means of obtaining a 
greater depth of water over the flue would have been afforded* 
but with much greater safety from explosion or collapse. For 
although an ellipse or oval is a weaker shape for a boiler 
than a circle, still Irom the pressure being inside the curve, 
any extra strain or pressure that the boiler may be exposed 
to, will only have a tendency to alter the curve into a stronger 
shape than it was before, or to approach more nearly to the 
circle. On (he other hand, when the pressure is on the ot((- 
side of the curve, the effect is exactly the reverse of the above, 
the strain having a constant tendency to put the curved 
surface into a weaker position ; consequently, it follows, that 
a boiler slightly elliptical or oval in section, is, for all practi- 
cal purposes, as strong as if it were circular; while, in ui 
internal fine or tube, where the pressure acts externally to 
the arch or curved snr&ce, if the curve is not truly circu- 
lar, the tendency to give way and be crushed inward by 
what is called a collapse, will increase in an increasing ratio 
with the strain. 
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2M. Hence it ought to be a rule in tbe making of high 
pressure boilers, that the inside flues, besides being circular, 
should also have their plates quite as thick, if not thicker, 
than the external shell or case. The bailers themselves 
may be to a considerable extent elliptical, eren so much as 
in the proportion of 6 to 8, without materially diminishing 
their ultimate strength. Contrary, hovever, to the above 
recommendation, we frequently see a different practice foU 
lowed, t^at is, the dangerous one of making oval inside flues 
of thinner iron than the boiler. If the peculiar form of 
boiler should in any case absolutely require oval flues, 
which may possibly be allowable for low pressure, those 
parts ought to be carefully supported by stays. 

. ON EZPL08IOM8 CAUSED BY IHPROPEB POSITION OF THE 
HEATED SDRFaCB. 

291. Ao attentive perusal of the section on the position of 
tite heating surface (in Chap. III. Ait 130, &c.) together with 
the preceding sections of the present chapter, besides bearing 
in mind what has been hitherto generally known on this 
sul^ect, will, it is to be hoped, enable us to eliminate all 
the causes that were ever concerned in producing explosions 
of steam-engine boilers ; and peiiiaps also put us in a con- 
dition to assist, if not in preventing, at least in placing some 
check to, the increase of those lamentable occurrences, and 
thereby tend to the removal of the only remainia^ barrier of 
any consequence to tiie ftirther progress, and eventual com- 
plete triumph of the empire of steam. 

392. There are only two ways in which a boiler can be 
made to burst or explode by the power of steam. One is by 
a gradual increase of the pressure produced in the usual way, 
but at a time when all egress is prevented until tiie steam 
acquires sufficient strength to force its way oat by a rupture 
of the material of which the boiler is made. The other way 
is by some aut^ien mcrease in the quantity or pressure of the 
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steam, to such tat extent, that the ordinary safety valves, or 
perhaps any other means of outlet that might be devised ibr 
the purpose, are unable to cany it off with the requisite 
rapidity for preventing any (although but momentary) strain 
greater than the boiler can bear. We have long been of 
opinion that it is in the consideration of the last of the above 
two classes of causes principally, that we ought to look for 
the proper remedy. 

29B. It will be recollected by those who read the news- 
paper accounts of the second explosion on board the Victoria 
steamer last summer, that great stress was laid upon the 
peculiar nature and situation of the injured portion of the 
boiler, the principal place of fracture being the lower part of 
the inside flue or tube by what is called a collapse of the fine 
upward. The boiler was on the circular or Cornish principle, 
that is with the fire place inside the tube, which was slightly 
elliptical, but of a very large size, so as to allow of merely 
a shell of water between it and the external case. Moreover, 
this boiler cootmned an inner tube within the flue tube, 
containing water, and communicating by means of short 
pipes with the upper part of the boiler, similar to some that 
have been lately introduced in Cornwall, therefore it has 
been called the " improved Cornish boiler." The boiler in 
this case had return flues underneath its bottom, and set up 
somewhat umilar to the ordinary manner in which a Butterly 
or Cornish boiler is set up for mining or factory purposes, — 
a highly objectionable method, in our opinion, when applied 
to a steam vessel ; and we have no doubt of being able to 
shew that this assisted in the production of the fatal cata- 
strophe which took place in the Victoria. 

294. A collapse of the flue upwards is not an uncommon 
occurrence in factory boilers that contain inside flues with 
rather flat bottoms; and it frequently occurs with what arc 
called Butterly shaped boilers, or those which have the 
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inoutli of the inside flue a very flat oval, particularly behind 
the bridge where the fire first passes into the tube. 

On this particular portion of the bottom of the flue of a 
Butterly boiler, and for a considerable distance beyond the 
bridge, we have known small coal and coal dust to accu- 
mulate into a heap of some magnitude. Now with a pretty 
strong draught, and the flame reverberating downwards, as 
it neeessarily does in both (he Cornish and Butterly boilers, 
this heap of coal dust occasionally takes Are and burns with 
more or less intensity according to circumstances, — never 
perhaps with sufScient intensity to make the iron any thing 
like approaching to a red heat in the flrst instance, but rather 
gradually to deteriorate and weaken the iron in the manner 
we have before pointed out, in the case of the side plates of 
the furnaces of marine boilers; excepting that in this case 
the injury is more rapidly effected from the circumstance of 
the bubbles of steam which rise from the lower heating surface 
coming continually in contact with the bottom and sides of 
the inside flue; thus, in some measure, preventing the water 
from carrying off the undue heat accumulated in the iron 
plate above it. 

295. We have occasionally met with instances where the 
mischief done in the above way was first evinced by the 
bottom plates of the flue being so far weakened or softened 
as to give way to the pressure of the steam sufficiently to 
form a dish-like protuberance within the flue, and conse- 
quently a corresponding concavity on the under side or that 
next the water, into which the steam would of course accu- 
mulate or become locked in the manner described in Article 
152, &c. Now, after the injury has proceeded thus far, it is 
very evident that a second accumulation and ignition of coal- 
dust, may cause the injured part to become rapidly red hot, or 
sufficiently so as to cause the flue to burst upwards with the 
ordinary pressure of the steam, and this effect is in fact what 
frequently takes place. We have had many opportunities of 
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traong the symptoms indicating the above effects, from thmr 
source, as above stated, to their full development in an 
explorion ; and in one parUcuIai boiler in Manchester, this 
occurrence took place twice exactly in the manoer above 
described. 

296. That umilar causes would produce similar effects in 
die Victoria boilers we have no occasion to contenc^ the 
principles of their constmclion being tjie same as we have 
briefly described above, the details of which any one may 
see by referring to the engravings of those boilers, published 
in the Civil Engineer's Journal, and also in the Mechanic's 
Magazine for last year. 

The evil in all such cases arises from the principle 
(whether incidental or designed) otheatinff water downwards, 
which is essentially bad, and respecting which we have 
largely expatiated in various parts of this work. But our 
present bnsinesB being principally with land or factory 
boilers, we have only to state that the evil Ib usually pre- 
vented by keepingthe fines well cleaned out; but it would be 
better still, perhaps, to cover the bdttoms of the flues with 
Are bricks, or a coating of Roman cement, or any substance 
that is a bad conductor of heat 

In the particular case mentioned in the last Article (296), 
the flue was about five feet by three, and assumed the 
foUowiiig form (fig. 22) previous to bursling the first time ; 

Fig. 22. 




the dotted line shewing the original position of the bottom 
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plates. The plates were about S-8ths thick, and the pressure 
9 or 10 lbs. per square inch. 

ON SAFETY VALVES AND SAFETY PIPES. 

297. Formerlj, when a condensing cngme was spoken of, 
it'Was always considered that a low pressure engine, either 
Newcomen's or Boulton and Watt's, and working at only- 
two or three pounds abore the pressure of the atmosphere, was 
the kind of engine meant. But of late years, since the 
Cornish fashion of first expanding and then condensing high 
pressure steam has come into use, the terms used are no 
longer convertible. 

More recently, owing to the great improvemeubs made 
in engineering tools and workmanship, Trevithick's high 
pressure non-condensing engine has been made in such per- 
fection, that it is frequently capable of working well at a 
lower pressure than even the Boulton and Watt low pressure 
engine is sometimes working at in the factory districts. Con- 
sequenUy there is some fear of a confiision of terms in those 
various designations, not perhaps when applied to the 
engines themselves, but with respect to their boilers. Thus, 
for instance, we sometimes see accounts in the newspapers of 
high-pressure boilers being blown up or exploded ; and of the 
low-pressure boilers of condensing or ^tory engines only 
bursting, while the latter may really have been working at a 
higfaer pressure than the former. 

298. There are, however, one or two broad marks of 
distinction between the two classes of boilers, well known to 
all practical engineers, and terms expressive of those distinc- 
tions ijtigh and low pressure) have grown into use from the 
ori^^nal manner of working the two great classes of engines, 
Boulton and Watt's, and Trevithick's. These terms, we 
think ought to be adhered to, not only because they suffi- 
ciently indicate, to the public generally, the i 
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absence of great danger, and correctly so when properly 
used, but also because it is probable that that portion of the 
worlting mechanics of this country asnally entmsted with the 
care of steam-engines will continue to adhere to what has 
been sanctioned by long usage. 

High-pretmre boilers are universally known in England 
to be generally circular or cylindrical, or some form closely 
approaching thereto, and ndth hemispherical ends, (tech- 
nically called egg ends,) unless the boiler contains an inside 
flue, and then the ends are only segmental or slightly con- 
vex, — but in all cases made without sharp comers or acute 
an^es, and with iron plate of sufficient thickness not to 
require any internal stays to strengthen it. 

Low-pressure boilers are not limited to any particular 
form, but so contrired as to suit the place they have to stand 
in, or that form which is most convenient for applying the 
fire to the most considerable portion of their surface. And 
the more they differ irom the circular or cylindrical fonn, 
the more tbey require internal stays to support them, not 
only against the internal pressure of the steam, but also 
against the external pressure of the atmosphere, in case the 
steam should at any time happen to fall below that pressure. 

"iW. To provide against the partial vacuum which pro- 
duces the last mentioned effect, low-pressure boilers are also 
usually supplied with an air valve, sometimes called an 
internal safety valve. It is a small valve opening inwards, 
and weighted with only a fen' ounces, so that should the 
steam fall ever so little below the external pressure, it opens 
and allows air to pass into the boiler. 

On the contrary, the high-pressure boiler is supplied with 
an external safety-valve, weighted so as to blow off at a 
little above the pressure that the engine is calculated to 
work at, which should never be more than one-third of that 
which the boiler has been proved to be able to sustain. 
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There ought, indeed, to be two safety valves, one locked up, 
loaded with the proper weight, and without the intervention 
of a lever ; the other under the enf^neer's control, with a 
lever and spring balance indicating upon a scale the pressure 
exerted upon the valve to confine the steam. 

300. The great and leading distinction, however, as re- 
spects danger, between the high and the low pressure boiler, 
is, that usually the former requires to be supplied with water 
by a force pump worked by the engine, and which injects a 
small quantity at every stroke against the elastic force of the 
steam ; while, on the other hand, the tow pressure boiler is 
supplied by means of &feed pipe standing on the top of the 
boiler, and containing a column of water of sufficient weight 
to balance the pressure of the steam, the water la the 
boiler being constantly supplied so as to retain the proper 
altitude, from a small open-topped cistern on the top of the 
pipe, which cistern is kept supplied either fix)m the hot well 
by the ei^ine or from any other source. 

Now, as the feed pipe of a low-pressure boiler is only re- 
quired to be of sufficient length to hold such a head of water 
as will, by its hydrostatic weight or pressure, balance the 
greatest elastic force of the steam intended to work the en- 
gine, it is evident that as soon as this limit is exceeded, the 
water in the feed pipe will be liable to boil or prime over, 
and,, consequently, under such circumstances, the boiler be- 
comes as perfectly safe as any ordinary open-topped pan of 
the same height as the top of the feed cistern. 

301. From the above description we see the inutility of 
a safety valve on a low pressure boiler, except for the 
purpose of blowing off the steam occasionally, and thereby 
preventing the inconvenience resulting from boiling over; 
and this is accomplished generally by means of a valve 
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' placed on the steam pipe leading from tbe boiler to the 
engine, so as to be at hand for the engineer to blow off when 
required, prerious to stopping the engine. 

Many people we know strongly recommend a safety ralve 
to be placed on the boiler itself in addition to the ordinary 
blow valve of a low pressure boiler, but in tbe case of a 
boiler fitted up in the manner we have described, any one 
may perceive it would be perfectly useless, asid, therefore, 
practically ii^urioua. To saying this, it is not, of course, to 
be undei^tood that any barm can accrue from an extra safety 
valve abstractedly considezed, but only as it is a means of 
withdrawing attention from other more obvious means of 
safety. In this view of tbe subject the safety valve may be 
apdy compared to Sir Humphrey Davy's celebrated safety 
lamp for coal mines, of which it is frequently said, and we 
think truly, that for every life it has saved it has been the 
means of destroying twenty, by inducing a negbgent att^id- 
ance to improved systems of ventilation. 

303. The common feed pipe of a boiler is, in fact, a safety 
pipe, and very much superior in all respects to any safety 
valve that can ptrasibly be devised, the moveable column 
of water within the pipe answering the purpose of both valve 
and weight ; and it is justly considered as a beautiful ex- 
ample of the general superiority and simplicity of using 
hydraulic means in accomplishing objects of this kind, over 
the ordinary mechanical contrivances. In the most improved 
arrangement for ihw purpose, (we allude to Mr. Elsworth's 
hydraulic joint for superseding tbe stuffing box of the 
buoy.rod. Fig. 23, Art 306,) -if considered as a safety valve, 
there is this essential property, it cannot be overloaded or 
tampered with in any respect ; besides, it is impossible for it 
to stick or get out of wder, because it is continually on the 
move, and that without wasting any steam. 
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303. Until ivithiD the last two years there were pro* 
bably 400 to 500 boilers working in Manchester without 
safety vaives, but nine out of ten of tfaem, at least, were 
fitted up with the copiiDon feed pipe as above described ; 
yet the proportion of fatal accidents Irom explosions of 
boilers in Manchester are almost as nothing in comparison 
to the number that occur in steam boats, although, in the 
latter, the boilers are always supplied with at least one safety 
valve. 

The fact is, that, both in high and low pressure, the chance 
of an explosion occurring is more dependent upon the mode 
in which the boiler is supplied with water than upon any thing 
else, and although the common feed pipe is not so applicable 
in steam boats as on land, yet a safety pipe acting on the 
same principle might be very easily applied, and wotild 
serve as an infallible check against the water getting too low 
as well as ^unst the steam getting too high, if made with 
its lower end to terminate a little above the flues, so as to 
allow the steam to blow away whenever the surface of the 
watffl* in the boiler descended below that point. 

304. A patent safety pipe has, we understand, been tried 
in London, but it is so contrived as to put o«t the jire, by 
boiling over into it, whenever the steam gets too high, which 
property would be perhaps in many cases an inconvenient 
addition, although not half so bad as an American safety 
pipe which baa very recently been puffed through all the 
newspapers, and which is described as having the following 
curious property : trAe» ike steam ig too high it ghats tkefur- 
nace door quite clote, so as to make it impostffiie/or the,fire- 
man to open it to supply m|pte fuel. Now if this patent con- 
trivance had been made to act quite the reverse, or to have 
opened the fiunace door as we do in England, instead of 
jAnfting' it, the inveotioo might have been useful ; but as it 
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is, it is much more calculated lo cause explosions than to 
pnrent them. 

305. We shall now conclude this Essay by an account of 
a well-known feeding and safety apparatus, which makes the 
bursting of any boiler to which it is attached perfectly im- 
possible trom the steam getting gradually too high or from 
the water getting too low. 

This apparatus was only briefly alluded to in the last 
editioD, as we considered it to hare been so well and so long 
known that no one having a steam engine could be ignorant 
of it, but in this we have foond we were mistaken, as numer- 
ous applications from various quarters hare been made, de- 
siring a more particular account of it. Consequently, we 
have in this instance, considering the importance of the sub- 
ject at the present time, departed from our original intention 
of reserving an account of that and all other steam boiler 
apparatus for a separate work. 

On application to Mr. Hick, who is the principal maker of 
the apparatus, as to any improvement that he might have ef- 
effected in it since its first invention, that gentleman has 
kindly referred us to a description of it written by him and 
published in Jamieson's Mechanical Dictionary, in 1828, 
(Article, Steam Engine). The apparatus, as there described, 
is exactly the same as is now usually constructed by 
him, and which we know to work admirably. The same 
article contains detailed drawings with description of Uie 
best 12 horse portable condensing engine, boiler, &c., that 
we ever met with; it also contains a description of Mr. 
Hick's spherical safety valve, which for all high pressure .\ 
boilers and boilers in steam boats ought to be considered 
indispensable. 

300. The following cut (Fig. 23) represents a longitudinal 
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secUon of part of a boiler, with the aboTe-mentioDed feeding 
apparatas attached ; in which it will be seen that the rod 
which supports the buoy, or float, passes down through an 
open pipe containing a column of water the same as in the 
feed pipe, which water thus forms a hydraulic joint without 
friction, instead of the rod having to pass thioogh a stuffing 
box on the top of the boiler. 

«r 

Fig. 23. 



Mr. William Elsworth, Civil Engineer, R^ston, the 
ori^al inventor of the above excellent contrivance, informs 
us that he first apphed it to a boiler at the Moss Factory, 
belonging to Messrs. Horrockses, MUler, and Company, of 
that place, in 1816, and where it is still at work. 



by Google 



NOTES. 



NoTB 1. Chaf. I. AiLT. 42. Paob S3. 

^ Smoke Biasing. 

SiNCB this Article wu printed, it hna been ascertained that at least one 
half of the saving to be derived from the use of Mr. Cheetham's patent 
smoke burner, arises from the circumstance of keeping the ash-pit con- 
stantly dosed up, thereby preventing any indraught of cold air through 
the flues during the night or at other times when the enpne is not work- 
ing. Tliis is a most important part of the economy of the process, and ia 
c^ed by some gentlemen of Staleybridge connected with the patent, 
" bottling np tte *«ri." Of course this part of the invention can easily 
be used at all times when the en^e stops, independently of that for the 
combustion of the smoke, and it has now been so used in several instances. 
I have been informed by a manufacturer *, who has proved it eipenment- 
ally on a lArge scale, that the saving to be efitcted by this part of the in- 
vention, is about 12 per cent. Nothing can be more satis&ctory than 
the mode in which this gentleman conducted his e^>«iinents. His 
plan was to work his boilers a whole week from Monday morning to 
Saturday night with the apparatus attached to all of them, (13 or 14,) 
and the succeeding wedt without the ^paratus, and so on alternately 
for a great number of weeks, noting the consumption of fiiel at the end of 
each. The correctness of these experiments was suffidently proved by 
the fact of the saving rtiWainibg constantly the same, or at' least not vary- 
ing more than one per cent, on each side of the average of 12J. 

The specification of the above patent mi^ be seen in Newton's London 
Joum^ of Arts, Sciences, gu:., for April 1839. As ^ bona _fide moke 
bttmer, it may be stated to have been, when carefully applied, more ge- 
nerally successM than any othier that has been introduced m the manu- 
facturing districts. 1 intend investigating the merits of this and other 
plana for consuming smoke in my forthcoming work on Chimneys and 



The practice of dosing up the ash pita of steam en^ne furnaces, ex- 
cept a very small portion at the upper part nearly dose under the front 
of the fire grate, ia very common, and I have long recommended it as the 

• John Leech, Esq., of Staleybridge. 
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best means of causing the fuel to be consumed on tbe front of the grate 
as quiclclj as at the back, thereby keeping the fire of a. uniform thickness ; 
but to effect this object in the best manner, the opening is required to be 
of the lull width of the fire grate, so as to allow a thin stratum of air to 
pass neail; horizontally to the under side of the fire bars, and then, by 
properly adjustiiig the height and the area of this opening, the air can be 
caused to impinge nearly uniformly on all parts of the grate. 

It is very easy to use this opening to the ash pit as a r^ulator for the 
fire instead of the damper, but I condder that it is highly objectionable to 
do so, although it is recommended by Tredgold and other authors, besides 
having been recently put into practice in some of the Atlantic steamers. 
One of my reasons against using the openii^ in this way, is, that there 
can be only one position of it, which is the best for the particular fiimoce 
and sjrstem of firing it is used with, — this, when once found, of course 
necessarily excludes any aheration without liabiti^ to injury. Besides 
the ^wniWy of air admitted can be quite as easily r^ulated by die damper 
in the chimney flue. Tbe damper in &ct ought to be confined exclusively 
to the purpose of only regulating the quantity of air admitted, so as to 
suit the varying demands of the en^e for steam ; while the ash pit regu- 
lator is used for giving a proper direction to the current of air, and also to 
shut the latter off entirely. 

When the ash pit regulator consists of an aperture and sliding plate of 
six or eight inches square in the centre of tbe front of the ash pit, it is 
then perhaps of the worst possible kind, as it causes the air to act on the 
centre of the fire like the concentrated blast of a blow pipe or bellows, and 
most destructively on some particular portions of the boiler, which as 
well as the grate bars becomes very speedily burnt out. This efibct, how- 
ever, is not so liable to be produced in the case of factory boilers, or those 
which are fired by machine and have moveable bars, as it is in that of 
locomotive and marine boilers. The latter are more especially liable to 
become burnt out m this way owing to the usUai'system of firing pursued 
in steam vessels, and which is very properly called charging the fires, — 
tbe operation being in &ct more Ske that of charging a retort for making 
gas than any thing else. 

It is unnecessaiy to repeat here ofADiotm expressed in the body of the 
woA in favour of thin fires and quick combustion for land boilers, as it 
may be said to be a point yet open to discussion ; the system of tlma 
combostion having lately received a talented advocate in the author of a 
paper read before the Institution of C^vil Engineers last winter*. But 

* This paper has been pubiisbed separately by Hr. Weale, as Port I. of 
VoL III. of the Transactions of the Institution of Civil Engineers, entitied 
" On steam boilers and steam engines." By Josiah Parkes, M.Inat-C.E, 
1839. 
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respectii^ the applicalHlit; of slow combustion to steam navigatioD, it is' 
impossible that there ciui be two opintODS amongst engineerB. A thin fire 
and a qtiick draught are the great essential points to be attended to in 
steam packet boilers, and will al(ra;B be aynonjmous with plenty of steam 
and a quick passage. 

Mr. Josiah Packes, who is the great propagator of the principles of slow 
combustion, admits that it requires about seven times the area of heating 
surface to produce the same evaporative effect by it as by the ordinary 
practice; a sufficient disqualification against its adoption in steam packets. 
It has been aufficienlly proved, that, with the common Lancashire coal, a 
greaterarea of properly disposed effective heating surfitce than a square yard 
to each hoise power is not advisable as a means of economy at the ordinary 
prices of materials and cost of management, in the case of land boilers in - 
the cotton manufacturing district, or, in other words, any saving that would 
arise Irom an eitension of the heating surface of a boiler beyond this limit, 
would be overbalanced by the ordinary interest for the outlay of capital 
and other contingent expenses in obtaining it. Hence, how outrageously 
absurd it is to expect to derive any great increase of profit from the 
adoption of the system of slow combusdon in steam vessels, when we 
consider that not only are the boilers of the latter (from the necessities 
of coDStrucCion) about double the weight and three times the cost of land , 
bmlers of equal power, but there is also to be reckoned the cost of carry- 
ing them, or the displacement of so much valuable cargo, although there 
is a set off against this to a certwn ext«nt, on account of the expense cd 
carrying the extra coal or rather half the coal that would be saved by the 
enlaigement of the boiler. This, however, is a matter of the simplest 
possible commercial calculation ; for example : — if by doubling the size 
and weight of a steam packet boiler a saving in fuel can bee&cted offive 
■per cent., (a supposition which I by no means admit as probable,) and sup- 
(wsing the fuel to be consumed gradually from the commencement to the 
termination of the trip, then the proper deduction on this account for 
lightening the load of the vessel will be luio and a half per cent. ; while, on 
the other hand, what is saved in boiler room must be reckoned at its full 
amount as permanent available profit. — If calculated in the same manner. 
I have no doubt but that the mach vaunted saving by working marine 
engines expansively will be found to be very sipall indeed, unless the 
steam is raised to so high a pressure as to become dangerous. Raising 
the steam to a dangerous pressure in the boiler merely for the puxpose of 
expanding it again in the cylinder at a greatly reduced power, — as well as 
the system of slow combustion and wire-drawing the smoke through long 
winding flues in order to save a modicum of coals, are at best but philo- 
sophical niceties that are quite out of place in an Atlantic passenger 
steam ship in the present early stage of steam navigation. In short, wire- 
drawing the steam and wire-drawing the smoke, are in this case equally 
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dangerouB and useless, and the Booner Bteam packet proprietors dismiss 
them and attend more to a radical reform in the construction of their 
boilers, the quality of their coal, and the management of their fires, and, 
above all, to some more efficient memis of propulsion than the present 
lumbering paddle wheel, the sooner they will accelerate tite passage from 
Europe to America- 

A slight consideration of the above principles, and a proper appUcation 
of the rules contained in this work, will prevent any one getting so far 
wrong as some few influential parties connected with the commercial 
steam marine of this country have unfortunately had the means of doing ; 
I say unfortunately, because extensile loss of life has already taken place, 
and must inevitably occur in future, in an increasing degree with the 
r^idly increasing number of steam ships for long voj'ages, unless the 
managers and engineers concerned unite a sound practical knowledge of 
the subject with a willingness to learn more from whatever source it may 
be offered, rather than the flippant parade of pseudo scientific acquire- 
ments that is. sometimes to be met with, and which on application to new 
drcumatances is always found to be miserably inefficient for any thing 
but failure. 

The above sentiments are lar from being meant to reflect invidiously 
upon any particular steam packet company, but, to a certain extent, they 
admit of a general ^plication, and in excuse for saying this, I need hardly 
state that the subject is one of great public concern where the lives of 
thousands of passengers are daily intrusted to the care of hands wielding 
such an unseen and tremendous power as that of steam. With respect 
to the misapplication of capital and waste of jffoperty involved in the 
mismanagement of marine boilers, it may seem not a proper subject for 
animadversion, as the owners must in time "findit out," and some of 
them have commenced finding it out very speedily. As an illustration of 
this expensive way of trying experiments, it will be quite sufficient to men- 
tion the " Liverpool," which was the first steamer from Liverpool to New 
York belonging to the Transatlantic Steam Ship Company. In this ves- 
sel it was determined to trytfae celebrated Cornish principle of (/oui com- 
bustion, in order to burn the smoke, on her first voyage i this was effected 
by a misapplication of Mr. Patkes's principle, namely, by allowing a con- 
itant ttream of cold olmjitpheTic air to patt into tkejluei of the boiler through 
a large t^terivre opening from the aih pit to behind the bridge of eachfur- 
nace; which aperture was uiithoiU a valve or any other means of closing 
it at the discretion of the engineer. The consequence was, that although 
the engines, &c., were in every respect excellent, as well as the vessel 
itself, the latter ailer proceeding nearly half way across the Atlantic was 
compelled to return to Cork, where, of course, the patent smoke burning 
holes were stopped up before she proceeded again to her destination. 
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Tktory of EipUmont. 
So trueit is that there is "□othingnew under the sun," that few people 
aie to be met with who dispute the geueral appUcatioD of the adage; but 
stiU fewer, perhaps, whoaie willing to apply it to their owd ideas when the 
latter happen to be original with tbemselTes. It is perhaps too generally 
the case that writen rather endeavour to keep erery thing out of sight 
that would i4)peaT to trench upon their own claims to originaUl^. By in- 
serting, however, the following extract, it will be Been that I have no 
feeling! of this kind. The writer is perfectly unknown to me, and, aa 
will be seen by the dale, his communication was published three years 
prior to the £rst edition of my boc^ 

" STEAM ENGINE BOILERS. 

" TO THE EDITOR OI THE SCNOEBLANn HBS&LD. 

" Sn, — In looking oyer your paper of the 15th inst., I obserred some 
rema^ by Mr. Graham, respecting the late melancholy accident that oc- 
curred at Mr. Henderson's manufactory at Durham. 

"From the frequency and fatalresultsof accidents of this nature within 
a short period, 1 have been led to give some consideration to a subject of 
the highest importuice to the engineer, the workmen, and the public, 
am the more desirous of stating my opinions upon the present 
from the dicumstance of the two engineers who were examined on tl 
inquest having stated in their evidence, according to Mr. Graham's a 
count, which from the circumstance of that gentleman being a Jun^, 
assume to be correct, that it was impossible to assign a reason for the e: 
ploaioD, aa every thing appeared to them to be right about the boiler. 

" It appears to me. Sir, to be particularly worthy of obserTation, that 
nearly all the explosions we have had to lament for some time past, have 
occurred when the engine was standing. I do not remember one misfor- 
tune taking place when the en^e was going. This, together with many 
other dicumstances, and no short experience, have convinced me that to 
one or other of the three following causes may be attributed nearly all 
the explosions of steam boilers. If my observations should he the meant 
of preventing, or even of lessening the number of those calamities, it will 
afford me the greatest satisfaction. 

" The first cause, then, I consider to arise from the safety valve either 
being overloaded or made fiist. 

" Second— The boiler having been suffered to become foul at the 
bottom. Or, 

" Third— A weak boiler. 
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" As I am decidedly of opinioii that by fiir the greatest number of 
^ese disasters have occurred from the seccnd reason giveD, ' ' a foul 
boiler,' I will now only request your attention to that paiticulai point. 

"The water with which most boilers are fed, usually contains uliceous, 
arenaceous, or calcareous earths, and other foreign matters suspended in 
it. These are gradually deposited upon the bottom of the boiler, where 
they form a coat or crust whenever the fire is lowered and the ebullition 
ceases. The first efffect produced by this accumulation of matter, is to 
lessen the action of the fire upon the water inside the boiler, and to re- 
quire more time to raise the same quanti^ of steam than would be neces- 
sary if the boiler bottom was clean. 

" The ueit effect is, when the engineer is raising the fire the foul (Stat- 
ing will rise in blisters of various sizes, by which the bottom plates wiU 
become red hot. The blisters, on their breaking, let the water down 
upon the hotplate, causingexplosionsof different degrees of violence, ac- 
cording to the magnitude of the blister. These explosions are similar to 
the report of a pistol, and take place every time the engine starts, or is 
preparing to start, after standing long enough for the mud to subside. 
They will sometimes even force down an iron plate or some parts of it, 
and on that particular spot where the indentation has been produced the 
mud accumulates thicker. In the event of these blisters being very large, 
on their burstii^, the water will be forced ioto sudden contact with the 
red hot iron, by which a tremendous explosion is the inevitable result. 
No number of safety valves is an adequate security against the terrible ef- 
fects of such a concussion. 

" To explain this material circumstance still further : if a boiler be 
stopped half an hour or an hour, the man generally sets the fii« doors 
open, and also puts a few coals on to damp the fire until the workmen 
are ready to commence work again. On the ebullition ceasing, the sus- 
pended matter in the boiler will nearly all subside in about ten minutes, 
and be deposited on the bottom of the boiler ; and if the water be very 
foul, and the boiler bottom (or sides of some boilers) has hot been cleaned 
for two or three weeks, it will then be a great thickness, and become 
thicker daily ; consequently, every time the fire is raised, this accumulated 
mud on the bottom and sides must rise, and be completely incorporated 
with the water in the boiler before the steam can be raised and the ma- 
chinery agam set in motion. 

" From the fbr^^oing remarks, an interesting question naturally arises 
— ' Is there a remedy, or are those lamentable catastrophes still to con. 
tinue to hold their desolating sway over the unsuspecting manufacturer, 
the industrious workman, and the distant traveller ? ' 

" I hope sincerely that some of your numerous readers will now be 
awake to the importance of this subject. Government, I see, has 
thought the ^plosions in cost mines deserving its notice. Steam boilers 
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hsTB probaUf caused u gteM & ctettractioB of human life mthm tbe 
ume period; tind, therefore, Mtan equally deaerring iu attentioe. We 
hope the aol^ect will be attended to bjr the legislatuie, and evety en^ne- 
mau ctxnpdled to keep his boilei both clean aai strong. 

" S. P." 
" Heworth, Aug. 26, 1886." 
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STEAM NAVIGATION. 

APPENDIX A. 

THE NEW EDITION OP 
TREDGOLD ON THB STEAM ENGINE. 

CONTENTa 

Plate 1. Iron Steam Yacht, Glow- Worm, constructed by John Laird, 
Ekl, Bericenbead, Liverpool. 

Hates 2 and 3, Iron Steam Ship, Rainbow, belon^ng to the Qeneral 
Steam Navigadon Company, draught lines at bottom, fore body to a 
large scale, hy Ditto. 

Plate 4, nans of the Engines of 90 hoise power each, 50 inches 
cylinders, 4-6 stroke, made by G. Forrester and Co., of Liverpool, and 
fitted on board of the R^bow. 

Plate 5, Side EleTation of ditto. 

Plate 6, Cross and midship Sections of ditto. 

Plate 7, Draught of the American Armed Steam Ship, " Fulton." 
Half the main breadth, 17 feet : distance between the water lines, 2 feet ; 
fore and after body precisely alike. 

Plate 6, Plans of the Upper and Lower Decks of the Admiralty 
Yacht, Firebrand, shewing the fittings and conveuiencies ; drawn by 
Hr. James Henry Lang, of Woolwich. 

Plates 9 and 10, Plans of the Upper and Lower Decks of the Iron 
St«am Ship, ■■ Nerka," constructed for Her Imperial Majesn the Em- 
press of Russia, by Mesns. Fairbaim and Murray, of Mill WalL Poplar. 

Price Twelve Shillings. 
*.* Appendix fi., containing text to both A. and B., v^ be published 
in the Autumn. 

3. 

THE PRACTICE 

OF BIAKING AND REPAHUNG ROASS; 

OF COMBTBOCTIHQ FOOTPATHS, FENCINO, AND naAINB ; 

Alto a Method of comparing Roads with reference to the Power of 

Drau^t required ; with Practical Observations, intended to simplify the 

mode of estimating Earth- work in Cuttings and Embankments, 

By THOMAS HUGHES, Esq., Civil Engineer. 

8vo, boaqds, price 3(. 6d. 
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These verr important and interestiag volumes, comprising 125 very ela- 
borate aoQ beautjAiUf engraved Plates, are, in Sections, Elevations, 
Pbmi, Details, Sic, of the tiighest utility to the Engineer and Student, 
to Mauu&cturers of Marine, Locomotive, and Land Engines ; the 
■dence beipg elucidated and explained by the most eminent practical men 
in Britain. In two 4tA vols., price 41. 4«., entitled. 



Comprieii^ on account of its invention and prc^resaive improvement, with 
an Invehtioation of its Phincifles, and the Phofobtions of its Pabts 
for EmciBNCT and Stbxkoth ; detailing alao its application to Naviqa. 
Tion. Mmma, Imfbllinq Machines, &c., and the Result in numerous 
Tables for Practical Use, with Notes, Corrections, and New Examples, 
relating to Locomotive and other Engines. 

The algebraic parts transformed into easy practical Rules, accompanied 
by Examples familiarly explained for the Worliing Engineer ; with an ample 

APPENDIX; 

Containing, besides a vast acquisition of Practical Papers, an Elemailaiy 
and Practical Description of Locomotive Engines now in use, illuatrated 
by Example! ; and the Principles and Practice of Steam, for Uie purposes 
of Navigation either in Rivers or at Sea ; showing its present and pro- 
gressive state, by illustration of the various Examples of Engines con- 
structed for Sea, War, and Packet Vessels, and River Boats, by the 
most eminent Makers of England and Scotland, drawn out in Plans, Ele- 
vations, Sections, andDetaib, with a Scientific Account of each i and on 

STEAM NAVAL ARCHITECTURE, 

Showing, hy esisCing and the latest Examines, the Construction of War, 
Sea, and Packet Vessels : their Naval Architecture, as applied to the 
Impelling Power of Steam for Sea and River purposes. This portion of 
the work is edited by several very eminent Shipbuilders — 

OLIVER LANG. Esq., of H.M. Dockyard, Woolwich} 
J.FINCHAM, Esq., H.M. Dockvard, Chathami 
T. J. DITCHBURN, Esq., Deptford, &c. &c. 

The New SnijecU in thit edition coTUiit of the Worki of 

Messrs. Boulton and Watt. Messrs. Hall, Dartfbrd. 

The Butterley Company. Edward Bury, Esq., Liverpool, 

Messrs. Maudslay, Son, and Field, Messrs. Hague, 

Messrs. Seaward. Messrs. Claude, Giidwood, and Co. 

Robert Napier, Esq., Glasgow. Messrs. R. Stephenson and Co., 
Messrs. Fairbaim and Murray. .^ewcastle-upon-Tyne. 

William Morgan, Esq. i^' 
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PUBLISHBD BT JOHH WEALB, 



PDBUC WORKS OF ORSAT BRITAIN. 



Rdlways, Bails, Chairs, Blocks, Cuttings, Embankments, Tiumels, 
ObUque Arches, Viaducts, Bridges, Stations, Locomotive Engines, &c. 
Cast-iron Bridges, Iron and Gas Works, Canals, Lock-gates, Centering, 
Masonry and Brickwork for Canal Tunnels ; Canal Boats, the London 
and Liverpool Bocks, Plans and Dimensions, Dock-gates, Walls, Quays, 
and their Masonry ; Mooring-chains, Plan of the Harbour and Port of 
London, and other important Engtneeriag Works, with Descriptions and 
Specifications ; the whole rendered of the utmost utili^ to the Civil 
Engineer and to the Nobility and Gent^, as Monuments of the useful 
' Arts in this Country, and as Examples to the Foreign Engineer. 

EditedbyP. W.SIMMS, C.E. 



This Work is on an Imperial Folio size, the Drawings and Engravings 
have been executed by eminent Artists, and no expense has been spared 
in rendering it highly essential to the Civil Ei^neer and Student ; abo, 
as an ornament^ Volume of Practical Representations of important 
Engineering Works in several Parts of the Kingdom, The Work is 
bomid in half-morocco. There are some Plates in the Volume that may 
be preferred in Colours, viz., the elaborate subject of the Blisworth 
CutlingB, in the Birmingham Line, 18 Plates, geologically coloured; 
Gla^ow and Gmrnkirk Kmlway Cutting through Moss, geologically 
coloured, &c. ; making 20 Plates, careful^ coloured, and for which an 
additional 1'. If. is chafed. 



Btindley, Hartley, M'Adam, Telford, 

Brunei, Hosking, Palmer, Thomas, 

Buck, Jessop, Renuie, TiemeyOluk, 

G. and R. Stephenson, Landmann, Rhodes, Walker. 



A PRACTICAL AND THEORETICAL ESSAY 

OBLIQUE BRIDOES. 

By GEORGE WATSON BUCK, M.Inst.C.E. 
In large 4to, 12 Engravbgs, neat in cloth boards, price 14*. 
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6. 

A PRACTICAL TREATISE 

CONSTRUCTION OF OBUQtJE ARCHES. 

By JOHN HART, Msson. 
Imperial 8vo, 1 1 Plates, neat in cloth boanls, 7f. 



PAPERS 

ON SUBJBCTB CONNSCTBD WITH THB DUTIBS OF THB COBPB OF 

ROVAI. ENGZNIXRS. 

In 4to, Vol. S, just teady, conCMDing Dumerous fine Plates, U. 5i, 
Vol. 1, a vei7 fev on hand, 15i. 
VoL 2, ditto, 1/. 



POPULAIl INSTRUCTIONS 

CAIiCUZiATZON OF PROBABIUTIIIS. 

Translated from H. A. QUETELET. 

To which are appended Notes, 

By RICHARD BEAMISH, Esq. C.E. F.R.S., &c. 

In ISmo, 4f. 6d. 



THEORY, PRACTICE, AND ARCHITECTURE 



The Theoryby JAMES HANN, of King's College j Honorary Mem- 
ber of the Philosophical Society of Nevcastle-upon-Tyne, Member of 
the Mathematical Society of London, and joint Author of " Mechanics 
for Practical Men." — And, 

The Practical and Architectural Treatises by WILLIAM HOSKING, 
F.S.A., Architect and Civil Engineer ; Author of " Treatises on Archi- 
tecture and Biulding." 

And other eminent Individuab. 

Blusttated by upwards of 100 BngraTings of Examples of Stone, 
Timber, Iron, Wire, and Suspension. 

To be completed in Twelve Monthly Paris. 

Parts 5 and 6 in preparation, which, when published, will complete 

Vtrf. 1, contmning 55 very elaborate Plates, anil upwards of 400 Pages 

of Letter-press. Sold to Subscribers for 18i. j to non- Subscribers, 1/. 16«. . 

Parts 1 to 4, to be had together, price 3t. each. 
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10. 

ShorUy will be published, in one toI. 8to, with several Plates, 
AN ATTEMPT 

THE ULW OF STORMS, 

By means of fiicLs arranged according to place and tine ; and hence U 

poJDt out a cause for the VARIABLE WINDS, with a view to 

PRACTICAL USE IN NAVIGATION. 



menced ij the reading of a short paper ' On 
08,' hy Lieut.-Co]. Reid, of the Engineers, with occasional com- 
ment, tn'eS voce, in which he brought forward and unfolded one of 



those sulnecta which will make the meetings of the Britigh Association 
memorable in the annals of science. Its importance in every point of 
view cannot be over-rated. — The paper was beard throughout with much 
applause, and at its close the same sentiment was loudly expressed. Sir 
Joiin Herschel spoke liighly in commendation of Col. Reid's paper, and 
of the important consequences to which the further inveatigadon of the 
subject and the accumulation of data must lead." — lAterary Gaxette, 
Aug. 25, 1838. Report of the Meeting of the British Association at 
Newcastle. 

11. 

In the Press, in 8to, with Plates, a Second Edition of 

A PRACTICAL TREATISE 

LocoMOnvi: engines ttpon railways; 

By the Chevalier F. M. G. DE PAMBOUR. 



Just published, 
THE THEORY OF THE STEAM ENGINE; 

Showing the inaccuracy of the methods in use for calculating the effects or 
the proportions of Steam Engines, and supplying a series of practical For- 
multe to determine the velocity of any engine with a given load, the Load 
for a stated velocity, the Evaporation for desired effects, the Horse-power, 
the usefiil effect for a given consumption of water or fiiel, the load, ex- 
pansion, and counterweight fit for the production of the n mijirn i m usdul 
effect, &c. With 

AN APPENDIX, 
Containing concise Rules for persons not iamiliar with algebraic signa, and 
intended to render the use of the formulie contained in the WoA per- 
fectly clear and easy. 

By CoKTB DE PAMBOUR, 
Formerly a Student of the Ecole Polytecbnique, late of the Royal Artil- 

6 on the staff in "^ " "^ - -^-- -'■•-- n-— > « . -., r . 
onneur, &c. 
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TRANSACTIONS 

nVSTITUTION OF CIVIL ENGINBEItS. 

With engraved Plates, by the beat Artists, io 4to. 
Vol. I.'pricft'l/. 10*. 
Vol. II. price IL 8*. 
Vol. III., pt. 1, 4*. 



Second EdiUoD, with Additional Corrections, in 8to, vith a 
Frontispiece of a LocomotiTe Engiiie, price 8Ji. 
AIVAI.TBIS OF RAILWAVS; 
Consisting of Reports of Railways projected in England and Wales ; to 
which are added, a Table of Distances from the Proposed London Ter> 
Biinus to Eight well-known Places in the Metropolis, with a copious 
Glowabt, and seTeral Useful Tables. 

By FRANCIS WHISHAW, C.E., M.Inst.C.E. 



SBCnO-PUUrOGKAPHY- ; 



By PRED. W. SIMMS, Civil I 
With folding Plates, in 4to, price St. 



Second Edition, much enlarged, price 16i. cloth boarda, instead of II. ii.} 
A COMPLETE COURSE 

PRACTZCAIi QEOHETRY & PLAH-DRATnNG} 

Treated on a principle of peculiar Perspicuity. Adapted either ibr 
Classes, oi for Self- Instruction. Originally published as the first volume 
of a Course of Military Instruction. 
By C. W. PASLEY, C.B., Colonel Royal Engineers, F.R.S„ &c, &c. 
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BY JOHN WBALE, OF I 



SKETCH 



ClVn. ENGXNXEBRDrO OF NORTH AMERICA. 

Comprising Remkrhsonthe Harbours, River and Lake NaTu;ation, light- 
houses, Steam-navPgation, Watei«worka, Canals, BoaST RailwsyB, 
Brii^, and other Works ih that country. 

■ By DAVID STEVENSON, Civil Engineer. 
Several Phtes, in 8to, price 12f. 



THE HARBOUR AUTO PORT OF LONDON, 



Containbg Accoifnts of the History, Privil^es, .Functions, and Govoti. 
ment thereof; of its Extent, Divisions, and Jurisdictions, Municipal and 
Commercial! 6f its Docks, Piets, Quays, Embankments, Moorings, and 
other Engineering Works ; Tidal and other Observations, and eTery 
othei; necessary information relative thereto, accompanied by Charts of 
tb^ Port and its Dependencies, its Shoals and Soundings, surveyed by 
order of the Port of London Improvement Committee ; Plans of Docks, 
Gates, Piers, Swivel Bridges, Methods of Mooring Vessels, &c., as di- 
rected by the Corporation By-Laws, &c., &c., &c 
Bv JAMES ELMES, 
Architect and Civil Engineer, Surveyor of the Pon of London. 
22 Plates, large folio, bound, price U 1(. 



NAVAI. ARCHrmCTURE; 

Or, the RUDIMENTS and RULES of SHIP-BUILDING ; exempli- 
fied, in s SERIES of DRAUGHTS and PLANS ; with Observationa 
tending to the further Improvement of that Important Art. ' 
By MARMADUKE STALKARTT. 
Third Edition. Folio, with a lai^ Atlas of Plates. Price 4/. 4t. 



A TREATISE ON RIVERS AND TORRENTS. 

With the METHOD of REGULATING their COURSEand CHAN- 
NELS. By Paiil, Fbisi, Member of numerous Academies. To which 
is added. An ESSAY on NAVIGABLE CANALS, by the same. 
Translated by Major-General JOHN GARSTIN. ' 
4to, with Ptateg, Price 13i. 
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OBSERVATIONS 
OH LXBIE8 AND CAIXiAREOUS CEMEZrra, 

As ^plied to the Formatioii of Mortars, Stuccoes, and Concrete ; toge> 
that with Rules, deduced from Numerous Expetunentt, for makiiig an 
Artificisl Water Cement, aimilai' in its Properties, andequalin Efficiency, 
to the best Natural En^iah Cements, impropetlj st^ed BtwDan C 
B7 Colonel PASLEY, Royal Eng^neen, C.B., F.R.8„ &&, &c. 
In Sto, with numenHU Wood.Ctiti, price 14*. 



A PRACTICAL and SCIENTIFIC TREATISE on the Choice and 
Preparation of the Materials for, and the Hanu&cture and Application 
ot, Calcareous Mortars and Cemenia, Artificial and Natural, supported by 
an Eitensire Series of Original Esperimeuts. Br Mr. L. J. Ticat, Chief 
Engineer of Roads, &c Translated &om the French, with nnmeiouB 
ana valuable Additions, and Explanatory Notes, compiehendins tlw 
moat important known Pacts in this Science, and with additiontu new 
Experiments and Remaps. 

By Captain J. T. SMITH, Madras Engimeis. 
In 8vo, with Plates, price lOr. 6d. 



A, TRIGONOMETRICAL PLAN 
OF THE TOWN Aia> PORT OF UVERPOOLi, 



Fmm Actdai, Scbvbt, BY MICHAEL ALEXANDER GAGE. 

Price — Mounted on linen, with mahomiy wdkr, full ctrfoored, -rax- 
nisfaed, &c^ or, el^sntly bound for the Ubrary, in » bo(^ form, gQt aad 
lettered, »l Vk. 

Mounted on linen, fiiH coloined, &c, and in a neat case, S^ 



Mr. WBALE is preparing a Cataumdb of his extensiTe and valuable 
Publications on Civn, Militabt, NavjU., and Mbcbahical BNaurasa. 
iMo ; on ABCHtTBCTUBE in the various styles. This Catalogue will be 
found to cmtain every thing that is essential in the branches of whicli 
those Publicadons severally treat ; and upon which no expense has been 
spared in rendering them superior in utili? and art. 
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